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SECTION 1. COMPREHENSIVE INTRODUCTION. 
SECTION 1. COMPREHENSIVE INTRODUCTION 


‘f 


"We, 
' \ 
e The IBM 2030 communicates with I/O devices through | Channels, 


“er 


e The Channels are.corinected to, and ecnmuinveate with, the I/O. 
control units via a standard ‘interface. 


e Each I/O device attached to a channel mast have an associat- 


ed sontrol sunit. | | E | | OS 

The transfer of, information between the When an I/O device is attached to the 
2030 processing unit and an 1x0 device is IBM 2030, a control unit must be used. The 
by I/O control. circuits and micro programs. control unit can be separate from, or con- 
These control circuits and micro programs, : tained within the I/O device. Each device 
together, are called channels. Existing could have its own control Unit, or several 
channel ‘circuitry is located in the CPU, devices can be controlled’ by one control 
but in actual, operation, the channels are unit. The control unit acts as a buffer. 


and compensates for a difference in the ~ 
: —~~rate of flow of data, or the time of occur-- 
iy gS : rence Of events, when transferring informa- 
* tion between the 2030 and an I/O device. 
fo , _ Figure 1-1 shows the concept of data flow 
A channel is connected to an I/O control between the CPU and I/0 aevices. 
unit by a cable containing -34 signal lines. 


completely Separate units. 


al 


which they become active and inactive, ; 'The channel itself can. Bawa many I/O 


constitute the standard interface. By aeyices physically connected to it but only 
using a standard set of lines and signal one I/O device can be operational with the 
sequences, the same I/O control units and channel at any one time. To ensure that . 
devices can be used on most models of only one control unit and device is select- 
System 360.,  ~- - 4 ed, each is given a unique address. * 
° 4 = ae is 
“m. 


£ 
: Card t¥o : ; ‘ 
! Reader 1 | ve | | ‘ | Central Processing Unit 
| : Saar | 4 ae ‘Standard Interface a _Channe! : L. 
ERO ae _ 7 (Up to 3): | 
Unit > : aaa ; a ip . . 
——— : | 2 | * 
Cord : r | =| 7 
Reader 2 | ; 4 ae : ‘ 
: i 7 pS = ie e 4 . 
* : & at 
te : Single | , : rer 
Printer ———per Unit! el 
Le — ee fee : a 
Figure 1-1. CPU to tvo pevice Data rath | | - “ 
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CHANNELS _ 


4 


° The IBM 2030 has two . basic types: of channels: 


1. Mult iplexor 


« 2. Selector (Cone or two) | 


ages 


e A console*subchannel is also available for the 1050 attachment... 


2 


thd two channel types used by the 2030. 


perform the same function. They differ - 

however, in the method by which they obtain 

their objectives: | 

1. The mult iplexor: Channel is basicaI- 

-.. dy a-microprogram routine. It can 

* sustain eperations with several -I/d 
| deVices at a time on a time Shared 

basis. : 


2. The selector channel is a high- 
speed channel. It.O@perates with 


CHANNEL INSTRUCTIONS 


: ¥ 
2, S 


te oy 


with the 1050 attachment. 


oy 


. One I/O @evice une a complete 
data record has been transferred. 
It does not use micrdéprogran | 


routines to accomplish. data trans- 
,fers. ¢ 


The console subchannel operates. only ~” 


It uses the 


microprogram routines of the multiplexof 
‘channel to accomplish many-of‘its func- ' 
The circuits for the console are 


tions. 


also located in the 2030 frame. 


€ 


> 


e iThe cee uses four instructions %o communicate with a channel: 


Start. Is0 
Test 1/0-~-------- : 


, Halt I/O 


Test Channel , 
The start. 1/0 Anstructtor-is used _by the 
CPU to initiate all I/O Operations. Test 
I/O is the CPU's means: of obtaining .infor- 
mation,regarding the status of a particular 
“1I7Q control unit and device. The halt I/o 
instruction is issued by thé CPU to discon- 


mect a particular I/O control unit and 


“device from the channel The test channel 

instruction involves onty a channel and the 
CPU. It is used to Es nee the status of 
the,channel. 


ner 


These four instructions specify only the 
address.of the. channel, 1/0 control unit, 
and device. For the test I/0,- halt I/0, 
and test Ghannel instructions, this is 
suffikient. The channel must, however, 
obtain ‘operating information to execute a 
stert I/O ins ction. It gets this infor- 
-m&tian from a channél address word (CAW) at 
location 72 <hex 4&8) and a channel command’ 
word (CCW), located in CPU main storage. 
Ther, CAW consists of: 


a 
t 


1. A Storage protection key for the I/0 


Operation. . - , 


2. 


A-command address, 
location in matin storage where the 
associated first CCW is located. 


ww 


“a 


" The CCW consists of: 


pier 


ro 


as 


f 


The specific command to be executed by 


the I/O unit. 


o 


wv 


-. 


A data address that speci 
' of core storage: to be use 
transfers. 


designating the 


* 


. 


~ 


A count that specifies the number of 
data transfers, in 


ae fotm of bytes, 
that are to be maied 


Five flag bits that may extend or modi 
fy the basic command. 


A separate CCW is necessary for each 


comnand the channel is to perform. For 
example, a read, 


to a tape drive is actually three separate. 
commands and therefore would reguire three 


Separate es s to execute the con ess a 


All 


* 


é 


write, 


rewind instruction 


ise the area. 
for the data. 


AW oa, 
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ys Re 


ane 
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* . 
ot 
1 
a * . 
5 * . 


eet 
we 
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ae z gates BL + 
i p * a 
uae : : . 
: 7 aa, - : + re 
ay ] eS : — S ' s! S S 
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oe 
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ie 


F - oe . i 4 2 


Heer 2. 
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ey 
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woeu 


' nel is in yte. mode. 
force burst mode operation. 


must initiate a , Gee 


‘< BG ee 


I/O INSTRUCTIONS — 


? 


oe. 
' an@ device. 4 
; j : 
co The channel, 


aoa by the standard interface.» 


When the CPU issues a start I/0 instruction 
~to a channel, 


| the channel selects the I/0 
device and control unit by executing an 
initial selection sequence. i 
\ 


The channel issues the I/O command to 
the control unit during th® initial selec- 


tion sequence, and electrically connects 


The: 
raises 


the control unit to the interface. 
control unit decodes the command and 
control lines to the I/O device. 


™ 


A control unit that is electrically 
connected to the channel can operate in 
either burst mode, or data interleave 
(pyte) mode. _ When operating in burst mode, 
the control unit remains electrically con- 
nected to the channel after initial selec- 
tion, until a complete data record has been 
transmitted. . When operating in byte mode, 


the control unit disconnects from the chan- 


nel after initial selection and between 
each data byte. Whén’a control unit is 
connected to a selectbr channed, it always 
Operates in pupst mode. This is because a 
selector channel is a high speed channel 
that operates with one I/0 device ata 


time. 

4; 7 

_ When a control unit is, connectéd to a 
multiplexor channel, it operates in either 
burst or hyte mode, depending on the design 
of the control unit. Normal data transfer 
from the I/O unit to the mult pibxor chan- 
The control unit may 
Normally, the 
low speed contral units operate, in byte © 


mode -and high. speed units in buyst mode. 


Intermediate spg@d units have a-switch that 
can be set to e#ther byte or burst mode. | 
The selector chanhel overrides the switch = 
setting and forces burst mode. When the 
channel is opekating in byte mode, it may 


service sevefal I/O units on a time-shared-: 
. It must disconnect from one 1/0 < 
device before it can operate with another 


basis. 


devige. This means that the control unit 


time it require 


when a channel ‘Bala cSntrol unit have -; 


transferred the number of pytes required by 


The start I/O instruction selects the channel, 


kection sequence each . 
arvice from the channel. | 


SK, 


control unit, 


contre ‘ahity and aevice: are connected electri- 


the I/O command, the control unit sends its 
channel-end and device-end status to the 


channel. These may be sent together or 
. Separately, depending on the control unit. 
Ae ” ; 


The control unit always sends channel- 
end status. to the channel at the end of the 
'. data transfer portion of a command. — ee 
Channel-end may™ve alone or accompanied by | 
other status bits 


Device-end is sent when. .- 


the control unit is in a” bOnat soe to accept a 


another command. 


‘ When a channel receives ending status, © 
it may- eifher accept the status/or it may. 
command the control unit to hold (stack) 
the status. Once the channel responds to 
channel-end. status with either an accep- 
tance response or a stack response, the . 


control* unit @isconnects from the channela 


Figure 1-2° illustrates a basic selector 
Channel data transfer. 
‘: | . , 


When a channel accepts the control units: 


device end status, it will either obtain 
new operating information (a new CCW), or 
initiate on I/O interrupt of the current 


program. 


If the channel must obtain a new CCW 
because of the presence of the command 
chaining bit in the CCW, it must wait until 
it receives device-end status from the I70 
“device control unit. 


An 1/0 interrupt causes the status of 


age 


the interrupting ‘Channel and I/O unit to be 


j--#abaced in the channel status word (CSW) and 
gxecytion of the I/O interrupt pregram 


mz od 


Note: The CPU can begin the execution of- 
-- an I/O interrupt only after it has © 
compaeted the execution of the instruc- 
tion it.is currently executing when it 

receives the interrupt. 


® 


_ Refer to Figure 1-3 for a flowchart of 


the four channel and I/O instructions. a 
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_ ENPUT/OUTPUT INSTRUCTION _PDRMAT , | 
oe The four I/O instructions have the SI format” in~a, 2 Dit 
word. 4 | ae . nears Be : ff 
/ ; a: b 
e i : e- ve 
. The:I/0 instruction format is as follows: : 
ge 7 ¥ oa 
; be ; : 
; ease Coe ee a 5 aa ‘Lows: | Se ~ 
{Os WB es *t 15416 19/20 3uP 10014100 (9C) Start jZ/s0 
| Op. Code| Ignored i Bl | Di | si 10011101 (9D) Test I/O ge 
-~~-—----4-- ~~ eg 10011110 (9E) Halt I70 
Bl+D1=I/6 Channel and Device Address * 10011111 (9F) Test channel 
‘ BITS 0-7: An eight-bit field giving the ~*~ BITS 8 ~ 15: These eight bits are not used 


‘operatipn code of the instruction as fol- 
i: ; ae E 


ra 


and are ignored. 


,esection 1 127, = 
. hohe coeeeer 


atte 


base register component, 
zero is used in forming the address regard-. 


summary: 


-® rt provides the I/70 protection 


"ae 


" : 
BITS 16 - 19: A four-bit field ‘which 


_designates a 32-bit general purpose Feg~ 
ister in local Storage. 


A zero in the Bl 
field is used to’indicate the absence of a 
and a value of 


less of the contents of general register 
zero. a‘ 


BITS 20 - 31: A ‘12-bit field “whach holds a 
literal value known as, the displacentent . 


. The contents of the general purpose 
register designated by Bl is added to the 
value of Di. This forms the cRanne] and 
unit address. In the resulting 32-bit’ 


mr 


I/O CONTROL WORDS 
®* Four control wor 


Word 


. 1. Channel Addre (CAW) 
? 2. Channel Command\word (CCW) | 
3. Channel Status Word (CSW) Mgt Oo. 8 
4. I/O New -and“Old Piearam Status Words 
ft et 


¥ . *. a 
COMMAND ADDRESS WERD | 


sae 


(CAW) 


e° The CAW is a a2> pat word located in main etersge 72’ = 1 


(G8-4B hex). 


e .It provides the address of the First Channel-Command Word = = a 


(CCW) to be used in the 170 opdration. 


operation, . 
‘ 


e It is gare apie read out when the instruction start Ivo 


is given. | 


~The CAW is a 32-bit sara stored in the 
‘fixed location 72-75 in main memory. 
~CAW is loaded into the channel by the re 


The 


my, 


instruction start I/O and specifies tHe ~~ 
address of the first control word. The CAwW 
has the following format: 
ae : > * 
(or Se ee ee 
10 344 748 31] 
| 170 Protection! Key| Zeros oe Address | 
Se es pe Nea aE ae passe cee iat ae J 
« ‘ : 
BITS 0 - 3: A foyr-bit 1/0 pPaceceiod hey 


which is compared: with the four-bit storage 


key obtgined from the storage-protect stack 
-when a Main storage location is addressed. 
a | 
1-8. 


S are common to I/O op2rations: 


| Start. I/O Only 
“ 


y sto be used in the yo. fe 


BITS & <- 


Bits 0-20: 


Ignored - = 
, ; “¢e. ea 7 é 

BITS 21 - 23: | These three bits for channel 
address are assigned a$ follows: es 

000 - Multiplexor Channel 

001 - 010 Selector Channels 1 & 2 (011-110, 

Selector Channels 3-6, are ; cr 

: P invalia on, the 2030) | 
' 111 - Unused ' 

BITS 24 - 31: These eight bits define the 


anit number to a maximum of 256 units, each 
unit(having a unique address. 3 


i 


a 


(PSW) _* : - ‘ 


= 


Ei x 
x oat 
PS 


a e : ‘ * 


f, 
If the protection key and the storage key 
do not compdre, the protection key is not 
zero, 'and the operation is ;INPUT, the 
address is violating a protected area. 
This causes the channel to generate an I/O 
-interrupt, with the protection-check indi- 
cated in the channel- Status: of the asso-_ 
ciated CSW. 


4 


e 
wu? z 
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This four-bit field must be 


7: 


“Zeros. s 7 
BITS 8 - 31: A 24-bit £1iéld which gscones 4 


the address of the first control word used 
in the I/O operation. The CCW speciffed in 
this address must not al a Gal aa aiais 
Channel command. : : 
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CHANNEL COMMAND WORD (CCW) : 
} a™ 
e The ccw is a 64-bit word teesees: in a main-storage area 
- designated by the’program. , 
e It contains control information specifying: 
1.- Type of Operation (command code). 
2. M&in eropede arey to be peed (data ag areas and byte 
count). ae 
3. Action €0 be taken ‘upon completion OY operation (Flags). = 


° Accessed only® apt ifig the start 1/70 microprogram when 
initiating the. ‘I/O operation or chaining from one CCW to 


another. | | ‘ 


Used’ as a basis to form the unit~ control word (for multi- 


plexor channel only). : | 


+ eo. 
The address contained in the CAW is the 
address in main Storage of the first CCW to 
be used in an I/0 Operation. This CCW is-a 
64-bit word and specifies the operation to 
be performed. Because the CCW must be 
located on a double word boundary, the 
three low-order bits of its address must be 
Perce: i 


¥ 


The information satan in ‘the CCW 


‘’% 


' defines: om aS .—. 
Fe it Beer 
- The operation ‘to be perfo 49 
2. The main-storage aregs > Msed. 


3. Xhe action*to be taken: 
of the opration. 


The format. ofa CCw is: 1 ge 


10 148 | 31]32 — re 
‘¥}, Command ie Data vm Flags. 
| Code * 2 | 
L se a Spal fa Jac 
aaa <a —— ~ 

5: on M7{48 4, 63} 

‘Ignored. | * Count | 

ee OSE YN LAER CRE Ne eee OS 

= ; ; 4 

BITS 0 - 7: Command Code. These eight 


bits specify “one of the following Six chan- 
nel commands : 


* «“ 


Read Backward " l. 

2 Write ; - 
Read ‘ : 
Control 4 

ot cence 


6. Trans fer-in-Channel 


Each-of the six commands, with the ~ 
exception of Transfer-in- Channel (TIC), 
initiates the I/O operation. The TIC com 
mand soCW contains the address of another 
CCW in bits 8 - 31. 
- 63) are. ignored. 


| , st 

3 
: * 
& f 

“4 


ZF 


as recording- density, pari 


The remaining bits (32 


ae 


~ 


é. 


' Fivure 1-¢ “shows the CCW command code 


- 


format. Bits “marked x and have the Sig- 
nificance: 3 og 
x-= ignored ~ r a 

m = frodifier 

| a 

go ve go rn re ~~-~~-5-7-4------~- ident ak 
| Comma nd 2 ae : WO@i234567 
| SS SERN Rs Caan meEa 
p-~------~ Wt tt sewn nn fen ee + a | 
JInvalid | ix ex x “oo oO OF 
SS REe sae 
| Sense jmmmepol o 0} 


SA EE ED EE ee aie ge ae $¢----+-~.- aaa eat cat 


eee in Sores ix xxexn1006 of 


ead Backward Ia ame 1 1 ° of 


i 


Iwrite | oe: Wo 
bro —e - --- -- ~~~ -- + I a ay a tienen 4. £2 
- Read Oo . ry » a mf 18 ee ed 
" fe—-~------ Ea erennons < Us SRR Sikes 
, [Control jz mmm eel | 
ane ww mae ee ee ane 8 ae ow tenia aiid dem a gy 
Figure 1-& Command Code. a » 


The medifier bits of the cosmand code 
specify to the E70 unit the detail ‘condi- 
tions under which the operation is to be . 
executed. It covers seach condit ions as, 

-y, and ribren siz 
_The meaning of ‘the modifier mate "on 
theetype of 170 device. ; 


- ¥ 
di 


; > 

ee = ‘Data Address.- These 26 

specify he location of af eight-bi¢e 

in main storage. It is the first Tooation . 

' veferred to in the area defined. by the Ccw. 
The location is the starting address from 
@hich data is tobe fetched’ or the starting 
address of the locations where ack is to 
be stored. ‘ 


& : an re 
BITS 32 - 36: Plags.- Five flag bits modi- 
‘fy the basic ccw comma nd > ae ey 


a 


“em 


ce oe heeesrbua sie boa 
Frame BOL 
i x, See . 


Hl * 


. 


— . . 


Bit 32,- ‘Chain Data CD. This bit speci- 
fies chain data addresses. It allows a 
channel'to obtain the data address and 
count .from the next CCW after the CCW 
in which it appears has been fully 
,executed. A. Cs 


Bit 33, Chain Command (ce). ' This bit 

specifies chain command. “It allows the 

‘channel to obtain and execute the “next 

CCW if*the CCW in which it apReare is BITS 

ee ere executed. “ zero 

oper 
Bit 34, _ Suppress Length Haddesti one ‘erro 
(SLI). /This bit allows the channel EO, 
ignore incorrect length ‘indications * BITS 
when an I/O ‘device signals the_end of used 
an. operation before~ the’ number of bytes 

_ specified by the CCW €ount have been’ — BITS 
pcaai ox vice versa... defi 

| | i 4.» 8 . (aon 

Bit 35, skip? This bit allows the a coun 


an 
, e “ 
* r 
- . 


~N 


\Bit 36, Program Controlled Interrupt 
(PCI). ‘This*forces the channel. to 


attempt ‘an interrupt of the major pro- 
gram. It is used by programmers to 


force an interrupt to the major program 


during the execution of a chain of 
CCW's. It allows the CPU to find out 
how the operation is going, and to 
initiate other action if the conditions 
warrant it. . 
37 - 39: These: three bits mus f be 

. If they do not ‘contain zeros, the 
ation ise terminated with a pecs rat 

r indication. 

\ 

40 - 47: These eight. bits are not 
and are agnored: 


48 - 63: Count. This .16-bit field 
nes: the number of ‘byte storage loca- 
S in the area defited by the CCW... The 
t in conjunction with the data address 


channel. to bypass storing input infor-  gpecifies the eas ae ee area used: by. 


nation in main storage. 2 a ? | the. 


4 


12 


O, 


cum. Hoary wong. (eo 


THe CSI 
“tion 6h 


It describes the status OF of AZo ‘oper tion. 5 


tt ident ifies the 1/70 protection ey, the last 


current CCw, 


ust comileted. 


cow Sqauean 


used plus eight, the residual count , and channel and unit? 


Status! at. end timer “, Gh ae 8 % 4 
2 ‘ . | b 
. é P . NY X 7 


Y 


f° 


w 
\ 


ro 


a 


‘It is stored ica wnaani ee torage | ‘Location: 64 at the completion 
of an 1/0 operation when. the 1/0 ica ana (for that 


operat cn) is taken. : 
iis ‘ py Psa , - 


During . hé initiation of an I/0 instruct ion, t 


> 


== 


he status a 


portiontof a may be stored in main-storage storage 6 


and 69 (44 and 


45 hex) due to the I/O instruction: being 


rejected, or if an immediate operation has been pert oan 


& - i$ v a 
204 \ el. 
| 


‘When, the ee ree sequence ‘is Seaoiies -stor 

ed at the unit an interruption to the CPU r--— 

program: is generated. The interruption — 

.informs the program that the operation 
initiated by. the. Start I/O instruction has | 

been completed. ~The CPU, in secur Ans ) 
“interruption, algo stores, 
ory. Aocation, a channel 
64-bit channel | stat 5 


. ankt and ope 2 : 


and. daacrins 
status cont} 
» fortes 


| nterpreta- , es 
< W is ie ‘4 


a 


Bits 0 - 3: Protection: Key. ‘This four- 


bit key is the same as the protection 
key described previously under Command 


Address" Word CCR a =a 


a 
aS 
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ized in“an. I/0 operat ion are listed with 
their function: ~ i ae 


4 g A 


Bits 02-7: _ System ma sk 
a 

Bit. Ov pulp teroy cennel. Mask 

Selector ‘ghainnes 1 Ma: sk 


Selector Channel 2 Mask . 


* 


eh Fatesiokusee. : = 


Bits 


(170 Okd 
PGW) a 


16-31: 


Interruption Code 


a : - ol 4 


ee Condition Code (ee) 4 


the syst eni mask bits 0, ere 2 provide 

‘the facility to prevent all I/0 -interrup-, 
tion occurring when the. appropriate bit “is 
3)-zero.- This gives the possibility of pee 

PP .*’ venting 170 interrupts from one. channel . 
a ie whiile allowing 170 interrupts on another 

me “Cpannel. te 
Th 16 bits which form the interruption. 
code (PSW 16-31) are stored in the I70 old) 
PSW in ma in ‘storage 36 when. an I/O intér- 
ruption is accepted. by tne CPU. The inter- 


Channe] and-unit. address which | caused the 
int errupt . - 
occupy PSW bit. positions hie 31, SW bits . 
“16.- 20 are made“zero. “Becaus se one the 

cc Daa and unit. eee the interrupt are- 


ruption “codé in this eage contains the “°° 


~ Mace te Se {ready | | 
The «channel an@d unit puecuhige ae 


2 wos : naar vi 28h 
ey Se ily, Pek eB Section l 


2s Bits 4-7: These four bits must be zero. , “Bits 32-39 indicate the conditions 
7° . . detected by the I/O unit Or 1tS con- 
e 3. Bits” 3- 31: Command Radness: oe trol unit and are’ sent via'the. interface 
Identifies’ the last CCw address eed : in a. status byte. 
Pe ergs ; ae Bits 40-47 indicate the conditions 
e. m | ‘- a4 detected by. the channei, 
4. Bits 32-47: Status. This area defines_ if 
the conditions in the I/O, device and 5: Bits 4R- 63:. Count. “This: area contains 
channel that caused the storing of the the residual count for the lest @cw 
eo cs. ae used, = oe ig 
/ * . 
% - | : ain : 
e RROGRAM STATUS, WORD “(RSW) + 
Four PSW's are associated with input /out put operations: ae ; 2 
1% Current PSW. : : * 
" 2- Initial Prograti Load: PSW . | 
3. I70 old PSw ’ , oil } 
4. I/O new PsW. * . ae ; <- , % 
e. . ” - 7 7 a \ 
* F a ee rede eo * . | | 
’ : | | zy & ae am a ae " : if . a = aa ” . - a 
| e . The bit. _positions in?a PSW which “are utils — identified in che. neeere peter ‘code,. the 


program must now refer to the-~status field. 
~ Of the CSW to determines ithe cause of the 
interrupté . oe a 
: : o : , 

The ‘condition code is set: steer the” na 
initiation of an 1/0 instruction -and . 
informs. ‘the: program if the 1/6 ns truck (hic 
was successfully’ started Or 1f it was .. 
rejected. The 170 ihstruction could be.: 
rejected because the. channel or unit were. 
Unavailable or busy. The condjtion-code 
settings for: each of the four: I70 instruc-~- 
tions are: 


fy 


+} -----~n}f+----f 
‘thalted | stopped not . 
| Hx L 


{Halt [not 
|I/0 | working 
SGtuaah deen Seed eaeen ietneaianies soe Se le 
Start [avail-. .|CSW .. [bus ye 
[I7o-. fable [stored | _ : 
Pe cast a Ch 
|Tést | not. | Ccsw | working | not 
-loper.. 


salecatheheadaes Seamakerteetnt 


Ae ming ere em sete ee ee mar, ee ee ane ate Py et NO ee et ie ee 


Jjavail-_ | CSW. /|working/[ not 
lable |_| stored { Joper. | 


ae . = * 
an ans i is MN 5 SRR aE TIRE CREE Tere 
= - . 


aera mane 


= 


= ‘ 2! 
: : : : « . > 
2 + . 1 = 
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A 


Available 

Busy 

CSW ready 

CSW stored 


5. Halted 


Not oper 


Not working 
Stopped 


9. Working 


The meanings of the condition codes are: 


Unit and channel availa- 
ble 


Unit or channel busy 


Channel status word 
ready for test or inter- 
ruption 


Channel status word 


stored is 


Data Sota hase 
stopped. Unit in halt- 
reset mode =— : 


Unit or channel not 
Operational 


Unit Or channel not 
working ¥, 


Data transmission 
stopped 


Unit or channel working 


The condition code also may be changed 


by LOAD PSw, 
interrupt. 


SET SYSTEM MASK, 


and by an 


# 


$ ‘ale 


& 
Current PSW 


e The fields of the current PSW are scatt2red ie tals local 


storage and CPU-registers 


~ 


te 


The current PSW fields ..and locations are: 


System Mask: Located in. local storage 
K2u. ee also in CPU latches. 


= : = 
Storage Protect Ke : Located in> four 
_high- order bits of local storage loca- 
tion K25 and Q-<register. This.is the 
storage protect key for CPU operation. 
It is not the same as the I/O storage 
protect key sin the CAW. 


’ 


AMWP: Located in the faqur low-order 
bits of local storage location K25. 


Pa ee \ 
\ 
* 


Instruction Length Code (ILC): Located 
in the four low-order bits of local 


storage K4. | a 


Condition Code (CC): "Located in four 


high-order bits of local storage K27. 


PSW bit: Located at bite 1 of local 
storage location K4&. 


Instruction Counter: (IC): Located in.” 
local storage locations Ki7 and K18-~ 
when the PSW bit is on. It iS in the 
IJ-registers when the PSW bit is off, 


* 


e 


& 


> 


¥. 
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Initial Program Load (IPL) PSW 


e The IPL. PSW is loaded from the first input EeCone on IPL 

operations. | : : 

< ; 

x After the first three records have entered the CPU, she IPL Sa apne es 
a PSW enters local storage as the current PSW. 


ec 


I/O NEW PSW Rk 


e Located at main storage location 120 (hex 78). 


-@ The I/O new PSW enters. ‘local, Storage on I/O interrupts as Y 
the current PSwW. ' ; 


2 


- Ivo ola Psw ; | 
i _ : ae . 


° Located at main storage location 56 (hex 38). ae 


vo The current PSW is loaded into the I/O Dld PSW location 
eveeng I/O interrupts. “ 


acta @ 


UNIT CONTROL WORD (UCW) 


@ The ucwW is acrvatly: a subchannel of the Hu epvexor channel. 
e Refer to subchannels ‘under the multiplexor channel funct ion- 
al units for a description of the UCW. 
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FUNCTIONAL UNITS 
LOCAL STORAGE - * oe ®& 
e The contents of the CPU data flow registers are stored in oe | ' 
local storage when a chennes microprogram routine is bein SAN IS gs aE pow R CG OnE Ne Borage Oem econ oe Bae 
executed. > : © 
e Two local storage positions serve as the multiplexor channel 5 % a a 7 i 
interrupt buffer. "| . | | | Me ae, ® 
e Local storage also contains the. K= addressable byte posi- “4 Tes 
tions.« ; : an. e 
A channel breaks into the CPU microprogram 8. K7 (hex 8F) holds: the low-order of | 
at various times. For this reason the selector channel 1 next-CCW address... 
channel's microprogram must store the con- j 9. K8 (hex 98) erves aS temporary stor- . @ | 
tents of the CPU data-flow registers in é age for the unit address of a unit on ) 
local storage. This allows the channel the MPX channel. 
microprqgram to use the CPU data-flow reg- 10. K9 (hex,99) As used by the eonvere 
isters. | hen the channel is finished with subcharinel to store unit status. @ 
the the EPU data-flow registers, they gre 11. K 10 (hex 9A) through K15 (hex 9E) is 
restored to their original state ‘from the CPU working storage. 
information that was stored in local stor- 12. K1i6 (hex A8) is instruction counter : 
age. unavailable. e@ 
7 13. Ki17 (hex A9) holds the high-order byte 
Local storage also serves as storage for of the instruction counter when it 
other channel operating information. This must be stored in local Storage. © 
information is stored in the K-addressable 14. K18 (hex AA) holds the low-order byte | 
byte locations. The K-addressable byte _ of the Instruction Counter (IC) when 
locations also contain some of the current dt must be stored in local storage. 
PSW. : 15.- K19 (hex AB) is not assigned. 
: 16. K20 (hex AC) stores the R-~register 
The K-addressable byte utilization is as | during selector channel microprogram | 
follows: veo : routines. 
| 17. K21i (hex AD) contains the addresses of | 
ax “KO (hex 88). is the Interrupt Buffer an E70 unit. retard on selector . 
(IB) for the. address of a MPX channel. channel 2. : 
I/O unit that is requesting an inter- 18. K22 (hex AE) holds seteator channel 2 
 Yrupt. next-CCW address high-order byte. © 
2. Kl (hex 89) stores the T-register . _ 19. K23 (hex AF) ‘holds»selector channel 2 
during MPX channel operations. ‘ next-CCW. addtess low-order byte. 
3. K2 (hex 8A) stores the R-register 20. KZ4 (hex B8) contains the current PSW & 
during MPX channel Operations. system mask. « : 
4. K3 (hex 839 is the interrupt buffer , 21. K25 (hex B9) contains the current PSW TT 
for the status of a MPX channel 1/0 storage. protect key and AMWP. 7 
unit that- as requésting an interrupt. 22. K26 (hex BA) is not assigned @ | 
5. KY (hex 8C)icontains the current PSw 23. K27° (hex BB) ,contains the current PSW 3 
instruction length counter (ILC) in » condition register and program mask. 7 * 
the four low-order bits. Bit 1 serves 24. K28 (hex BC) is not assigned. | 
as the PSW bit. The instruction coun- .25. K29 (hex BD) stores the S-register & 
ter .¢IC) is in local storage at K17 =. during selector channel microprogram . . 
“~ and -K18 when the PSW bit is on. Qperations. . | 
6. KS (hex 8D) holds the unit iddress Of, 266. K30 (hex BE).stores the U-register : 
| the 170 unit operating on s BSCTOE : : during selector channel microprogram © 
channef 1. a Operations. — | 
7. xK6 (hex 8E) holds the high-draér™ 27. K31 (hex BF) stores the V-register : 
address of selector channel 4 next-ccw during selector channel microprogram : & 
address. , . Min oh operations. : | . : 
. 4 : e: 
1-14 -- ; @ 
) @ 


iu - ; : : : 
% ye . 
f - | 
4 7 1 aus Fi 
oe ee ; F i 
7 . 4 : 


THEORY OF OPERATION - a | | 2 4 
* .The I/O instruction I-cycles are-named 3I format I¥cycles. 


e , After reading out the instruction the CPU reads out the 
. Channel address word (CAW). “4 


© | @ @ 
: ® | 
Q : 
‘ 
a . 


The channel microprogram neste out the CCW and begins its 
execution. ‘ 


,® When the execution of the CCW is complete the channel either 
obtains ‘new operating information or attempts re interrupt 
the CPU pEcor et 


® An I/0 interrupt loads the CSW with the required informa- 
tion. ; | 


basis with 
Or constantly 


device either on a time-share 
other I/O devices and the CPU 
with the-I/O device until the entire record 

wSspecified by the CCW count is transferred, | 
This depends on the channel and I/0 device 
whose address the start I/Q instruction 
Specifies. In most case the CPU begins the 
execution of the next, instruction... The 
Channel and CPU Operate concurrently on a 
time-share basis. It! is possible for the. 
CPU to be executing a; prdgram while all 
three channels are operating concurrently, 
all on a time-share basis. 


Before issuing an I/O instruction, the CPU 

7 program loads the CAW with the address of 
the CCW to’ be-executed, and loads the ccw 
with the required information. Also the 
CPU must be in the supervisory state before 
issuing any I/O instructions. These are 

I prjvileged instructions that May be issued 

_ in the supervisory state only, or a program 

error results. 


During I/O I-cycles the instruction } 
reads out normally. The instruction code 
enters the G-register. The B-field and 
D-field.specify the channel and device 


ie 


{ 
1 


——, 
Rad cs 


address. The channel address enters the : 
U-register, the device address enters the . When an I/O device; has completed the 
V-register. When this is complete, the CPU execution of a CCW, it sends an end signal 


to the channel. The channel in turn either 
obtains new operating information or 
attempts to generate dn interrupt to the 
CPU program. The CCW j\flag bits determine 
if the channel is.to abesin new operating 
information. The current PSW system mask 


reads out the CAW. The storage protect key 
enters the high order of the U-register and. 
the CCW address enters the IJ-registers. 
During the read out of the CAw, the PSW is 
interrogated to determine if the CPU is in 
the supervisory state, and the CCW address 


s 
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is checked to ensure that it is ona double 
word boundary. 


When the CAW has been read out, the 
channel microprogram program reads out the 
CCW, the channel selects the desired I/0 
device and issues a command. The I/0 
device responds with status. After this is 
accomplished, the channel microprogram 
analyzes the status byte received from the 
I/O device during. initdal: selection, and 
Sets the PSW conditio ‘code:,* The channel 
microprogram then bra mener a Cee I-cycles. 


In the case of a a ry0" instruction 
that has been successfully started, the. 


“channel continues.to operate with the I/0 


determines whether or not a particular 
channel can generate an interrupt. 


When the CPU executes an interrupt, it 
does so at the end of the execution of its 
current instruction. an I-O interrupt 
consists of: 


Storing the current. PSW at the I/0- old 


dis 
PSW. 

2. Loading the csw with the required 
information. | 

3. Loading the L/o new PSW into the cur- 
rent PSW locations in oe storage and 

- cCOrresponding registers. The CPU now ¢ 
qm executes the I/0 prog} am. defined by the — 


I/O new PSW. 
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ae nes, SECTION 2. -I/O0 INTERFACE 
ae a . 
x Sead 2 - he s os on te 
The IBM System/360. I/O interlace provides a uni fform method | | Pe 
of attaching, I/O equipment to the Syerens 30 oo 
This interface consists of 34 data and contr@l kines. : 
‘ Up to eight input/output control units may Be attached 6 a ; : 
_ System/360 channel. i : ec... 


gut /output device : 


. id control units can accommodate, one in 
. ne device. 


although some can accommodate more en 


| ‘gy : 
ees ee, interface provides a uni-/” trol unit must identify itself by transmit- 


form method of attaching. input/output | (1/0) ting its address to the channel. 
control units to. IBM SyStem/360 channels | 
The interface can accommodate up to eight OA ‘mies identification procedure is 
' control units, with addressing capabilities necessary if the control unit initiates the 


.for up to 256 I/O devices. This meang/that signal sequence: the control unit must 
some control units can control a single 1/0 identify itself by transmitting its ‘address 
device and some can control a number" of I/O before it can. indicate, the purpose of the 


hs 


“| . devices. < sequence. 
ie : ri | | _ Inbound Tags (3 Lines)’ 

* The interface, consisting of Su 1inés, a Addréseta 
establishes requirements for sis mnal trans- | - Status=In 
fers. between control units andthe servic- " Service-In 
ing channel. Therefore, inte¥face lines 
provide a common re nf ormat and Bus-Out (9 Lines) 
Signal sequence for all inpwtvoutput devi- Bec Our Bil Paiilion: 
‘ces. Figure 2-1 categorizes interface P,0,1,2,3,4,5,6,7 
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lines according to their general functions. ; 
Bus-In (9 Lines) 


- Except for signals that establish prior- 


Pr a, 


Select-In | 
Redness “In A 


4 


@ i ity among -control units, all interface ‘ Bus-In Bit Positions 
Signals are sent over a common bus. Any: P,0,1,2,3,4,5,6,7 
| interface signals that the channel gener-_ }. | 
© ates is available to all control units, | _ Outbound Tags (3 Lines) 
_ although only one control unit may be ser- +e | > RadeeeesOut 
| paCSe by the channel at any given time. in 7 Command-Out 
| ao Service-Out 
@& After a control unit is selected, : Sonne 
Mage ’ remains logically connected to the bie nee Scan Controls (4 Lines) a 
until it transmits or receives the required ; 
| information or until the channel signals Select-Out | 
© the control<unit to disconnect. ‘ Hold-Out 


The rise land fall o signals transmitted 


@ : over the interface a terlocked with the ; 
corresponding responses.} This interlocking Interlocks{2 Lines) 
eS makes the interface applicable to a wide Operatt@nal -O ut xen 
aa Variety of circuits and data rates, and’ — Operational -In % 
@ permits the connection of control units§-‘of. | | | 
| different circuit speeds and data rates. aa —— Special Controls (4 Lines) 
4 
bach veoneeel unit contains’ an address _ Suppress~Out 
@ card that designates its interface address; ‘ Clock-Out 
ae no two control units on the same interface Meteritig-Out 
can have identical addresses. To begin an ~é-— Metering~In 
I/O operation,.the channel must transmit 
6 the address of the desired unit. During | | e 
the selection sequence, the selected con- | Rigure 2-1. Interface Lines * 
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Interface adapter circuits located in 
each control unit must: | 


rT. Convert interface-line sequences and 
coded commands to control lines neces- 


turn, the control unit controls the | 
desired I/O device. 


x. 


2. Establish communication between the”. 


control circuits in the unit and the 


sary to operate the control unit. In interface. ° | 


2 i 
INTERFACE LINES ~ | | | % 
2 , , e . 
; | 7 >> Pa ; | a en ee 
\ e ° Interface lines are divided into five types: © : . io _ 
we lL Bus lines 7 a —— . | r a © & os 
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Interlock lines ey a Rex 
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lation. The customer establishes priority 
of control units by evaltating the type of 
channel involved, the data rates of the _ 
control units. to be attachedy and the type | 
of operations to be performed.” The- highest © ; 
priority. control unit can receive ‘the most °° 
service fromthe channel, whereas the low-. 
est priority *tontrol unit receives the © 
least service from the channel. -- | 


! . | . 
Figure 2-2 shows channel afid control unit > 
connections to the interface. Observe that 
the select lines (select-out and select*in) ~ 
connect serially through each control uhit 
for the purpose of establishing priority, 
other lines connect in parallel. ; 7 
_--—™ Priority<is assigned to the different 
contre], units on the channel during instal~ 
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SCAN CONTROLS (FIGURE' 2-3). 
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o Select-out, hold-out,, and select-in are controlled by the 


channel. . 


e Request- in is controlled Py the control unit. | 


Operations: . | 


« 
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_*& The Scan controls are independent of processing unit non-}/0 
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e The purpose of the scan controls is to aseabiianninieias 


communication between. the channel and attached seOnErOT. 


units. ‘. / 


the control eee on a priority basis. 
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Operational-In to Channel 


Select=Out and 
Hold- Out 


C.U. Wants Channel 


(Not) Select-Out ~ 
Sequence 
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Select~Out and Hold-Qut 


Lowest Priority C.U. 


* Time delay duration. dependent upon. control unit. 


Figure 2-3. Scan Roneegiete: @ ss 
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The primary objective. of. scanning is to 


@Stablish.a connection with a control unit.” 
During initial selection any control unit 


that receives select-out and hold=out at. 

the same time compares’ its address to the 

One on bus~out. An equal compare is the .. 

first part of any selegtion sequence. 
ars 


Scanning,” then, is, the cess of present- 


ing select-out ang hold-out in an éstab- 
lished sequence until a control unit in- 
dicates that its address compares equal. 
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| aie ) | (Not) Contnond_Out 
- End-of-Signal | Address-In ~ J bata on Bus-In 
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Propag ate Select-Out to Next C.U. 


The sequence in which select-out and 


hold-out ~is‘* presented to the control units - 


is.called p rity. 
to compare-equal 


The first cxencrol unit. . 


fee 


ect-out hiie_ 


“ to the next .control unit in line. To 
further define priority, the first control | 
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unit that can receive select-out has the. 


- highest priority’, the last, the lowest. 


reality, there ‘are ‘two Ways to establish » 
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priority. \The- method. presented- here is the * \ 
“aimplest and is eee primarily for elerity: 
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the reader to ‘the punch. 
punch ° is connected to a terminator. 
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Disregarding, iehann the physical loca- 
tion of the units, they are electrically 
coupled gs the desired priority sequence. 
‘That is, ‘First control unit ta, receive © 

. select- oa is the tape drive: If this unit 
\ compares addreases and finds them equal, it 
‘connects to the interface. Select-out is 

- prevented from’ reaching*the other control 
units by the selection logic. This pre-- 
vents two or more units from connecting to 
the interface at the same time,.. If the. 
unit compares addresses and finds’ them. 
unequal, it’ propagates the select-out sig- 

nal to the next control unit in line. This 
indicates that the highest priority unit . 

_ | does not require service and Others are 

o* free to use the interface, . 
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2 To complete. the process of establishing’ 
. ‘priority, each unit must be jpmper wired 
internally for “high-priority This term 
means that each control unit, as it 
receives select-out, attempts to compare 
addresses. 
out-to be passed along ta the next control 
“anit | ae the addresses compare unequal... 
- Using the Same cabling sequence, this 
priority can be altered by jumper wiring a 
control unit ener enalty for’ ‘a condition | 
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The select-put line p vides. the scan loop 
‘ that allows the channel to: j itéerrogate each 
control unjt in Pes Orary seq uence. Fone 
’ When an 1/0 contrel unit receives: tte 
select-out signal, it must either raise its 
Operational-in line in response to it 
(request service) or immediately propagate 
. the -select-out signal to the next control 
unit in the series. * Once-a‘contfoF¥. unit? © 
has propagated select-out, it cannot raise 
“its Operational-in line until the next - 
| ‘incoming select-out line to the control — 
unit asee® a * 
The channel must hold eeieces out ‘active 
alae it receives a Signal a) either the 
sate in or the address-in.: ‘ime. When 
Ze) t-out is transferred to the.control. | 
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The putput of the. 


- This return line is called select-in for 


* jumper- ee rom high-préority to low- 


This wiring also causes select- . 


more control units offers unlimited 


_ Only be EAESt or rae te not 2 or 3. 


‘e “The select~ out Vine connects each: control unit in series. . | | a ee 


< e eonedoi: unit “priority. is determined by the order that. the — _ ee 
: Selectriout, kine goes through ‘the. eOncEOn. unit logic. ? | : : 


_.the channel). 
channel's scan loop.. 


lines and contlitions address-in. » 
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called low orig icy. How-prierivy jumper. 

wiring essentially sNorts out the sélect- 

Out signal directly to the next control . 

» unit and picks up the selection pulse on ” 
its return path te the processing unit. 


physical identification only. 

Electrically, it is.the select-out line on 
its Return path to the processing unit. : 
Thus, if any one of the four units in the< 
example is wired for "low priority” its: 
priority would change’ to the last in the 
series. Figure 2-4 shows the printer . 
altered from the number 2 position to the 
number 4 position simply by changing the : 


priority. ut vag 
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Considering ‘only one unit wired for low 
priority, these are the: possibilities: . 


Unit ‘1 (Tape Drive) highest Or ieuese 


Unit 2 (Printer) 2nd highest or lowest 
Unit 3 (Reader) 3rd highest or | 
UE pane no change 
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pe cant for the first’ unit, altering two or ° 


priority arrangements. The. first unit can, 
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unit with the Lost priority, ‘the cont rol 9 seas 
unit either: | | 
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1. raises its operational-in line, and © 
later, its address-in- line; initiating . sas 
a Signal sequence with the. Ga we - 


2. propagates the incoming select- out or 

the channel {select- i g, Beak 
Lf a-controf aileondi tions ae ae 

Operational-in when the incoming sélect-out oe 

is active, it does not transfer select-out | 

to the next control unit (or select=in. to. 

By conditioning operational- 

in, the control unit interrupts the ~ oo 

Then,. the control 

unit transmits an address’ byte on bus-in 
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The control unit must tote operational- 
in active until communication with the 
channel is complete. The channel can drop 
select-out after receiving address~in, or 
through the’ _ 
In no case can the 
ional-in before 


complete I/0, operation. 
control unit cancel opera 


the channel dreps Salas 
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The cotta: ‘unit ‘provides. an option of 
connecting its selection hs pee in -series on 
either the select-out or select~in line 
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ty from thé channel. can be established ‘on 
the select-out-. line, and the remaining . 
control units: can maintain the descending- 
order prioxit , to the channel on the | 
select-in logic. For clarity, assume that 


the selection logic is connect ed to, [the “4 
Perec eas line. “4 
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o Request- in aigis a control it to in 


that it needs service. 


e ee request-in Lniiates* th a a a 
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A control unit eondieions. the request~in 
line to indicate that it will initiate a 
Signal Sequence when. select-out polls that 


unit again. - The channel need not condition 


select“out to scan the attached control 
units until -the request™in line’ indicates: 
that a control unit*requires servicing: 


This operation allows the control unit with 


the highest. priority to ‘receive. attention 
in 4 minimum amount.of time after the 


; request-in. line-+s conditioned. _To illus- 
trate the function of request-in,Xconsider 
the following example. — ae | — 
2-6 . or x 8 


Descending-order priori-~. - 


ie te, to the channel - 
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Select-in is_a line!‘from the lowest — 
priority control unit. to the channel. 
"is the outgoing select- -out line of that 
control unit and provides a return path..to 
the channel for the select-—out Signal. 
‘definition of the select-in line is the 
Same as that of a select- ~out line coming- 
from any control unit. : aad 
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ity is assigned to the I/0 device with. 
highest data rate. and that the device with 
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the slofest data rate has the lowest prior- 


ity. ° 


that the request-in line is conditioned, 
that unit is the last to be polled. 
Because the I/O device with the highest 
priority can wait the least period of time 
for service each request-in indication 
causes that unit to be’ polled first. 


| The unit witm the lowest priority éan 
wait lofigest for service; so, each time | 
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oreechaanen ‘conditions the hold-out line to 
all control units‘in parallel to allow . 
. select-out to perform. its: function in a ; 
control ‘unit. The hold-out line allows the. 
channel: to - cancel the. effects of select-out 
- . at each control unit at the same time: 
~ the channel. is holding select-out active 
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propagate the incoming select-out to the 
-next unit. Therefore, the channel can 
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tion 6. . 


When a byte transmitted over the inter- 
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‘from the channel to control units. The 
‘Channel conditions .an out- bound tag line. 
-to identify the type.of data transmitted on 
bus-out lines. For example, when the 
address-out tag and bus-out lines ar 

active concurrently, the information &n the 
bus-out lines designates an addregSs. mae 


Tag lines control the period during 
which bus-out lines contain valid informa- 
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BUS-IN 


oe 


se channel. 


e Bus-in information can be. either data, 
. trols. 


The nine bus-in lines transfer information 
from the selected control unit to the chan- 
nel. The control unit conditions an 
inbound tag line to identify the type of 
information transmitted on bus-in lines. 
For example, when the status-in tag and 
bus-in lines are active concurrently, the 
bus+in lines contain a status byte. 
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Tags ‘linés control the period aietae 
which bus~ in lines contain valid informa-’ 
fe - Signals on. bus-in lines ‘are consid- 
7 valid from 100 nanoseconds after the 
“rise of the identifying inbound tag to the 
rise of the Feaeoneing. outbound Hag 


oe er ae - | : 
The primary ebjeckiveros scanning is to’ - 
estab gn a. connection with a control ‘unit. 
Any coMrol unit that receives select-out 
and hold-out at the same time detatte he 
address to the ore on bus- ower 
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e Bus-out transfers information from the channel toa cont rl" 


‘The nine bies out Mines transfer AneoemaAelOn 


addresses; 
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The fnrormetdon® can be ereher nae control, or aadiss -_ a % _ : 
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«=~ Bus-out consists of arene data lines and one parity line. eg . 4 od 
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tion. when the address. of. an I/0 device is. 
transferred, the information on bus-out | 
lines is valid from the rise of address-~ Qut . 


to the rise Of one of the following:. 


operational-in, select-in,. “or Status-in. 
When information other than an address is 
t®ansferred, sighals on, bus-out lines are 


valid,from the rise of the identifying 


outbound tag to the fall of the Ne oa 
inbound tag. ' 
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e Bus-in transfers information from a cont rol unit to the 


or con- Pa. = 


0 Inbound tag lines identify the information on bus-in. . 


e Bus-in consists of eight data lines and.one parity line. | _ ee g 


e Seectecut, hold-out, 
controlled by the channel. 
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and select-in are 


° Request- in is controlled aes the control» 


unit. : 


e The scan controls are independent of 
Procees= ng unit ore Renan Qnes 


e The purpose of the scan controls is ta 


‘establish initial communication bet ween 


the chanpy. and attached control units. 
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e The scan controls. establish c@itact 
- between the channel and the control 
: units on a BEtOrecy basis. 
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A, 
compare is the first part of any selection. 
sequence... Scanning, then, is. the process. 


ee 


‘of presenting select-out and hold-out in an 


established sequence until a cont rol unit 
indicates that its address" compere’ equal. 
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OUTBOUND TAG LINES. 7 oa 
e ' There are three outbound tag lines: . 

“a.  Address-out 7° | a me : 

2.  Command~-Out' a i e ‘ a 
+. ‘2-3. Service-out 

e .These lines control the basic communication between the os 
: channel and a control unit. — | Lf 
o NO. two of these lines can be active at the Same time. - wi to 
Each of the outbound tag lines has a basic © These signals have a positive sequence 
purpose: Pct : - depending on the operation involved. Exam- 


| a Pa pate 7 th ple: Initial ‘selection share-cycle, ending © 
Address-Out The data on-the bus-out ’ , procedure. It is: as: much ‘the Sequence that 


- lines is an.address. . ; governs the operation as the exact name or 
ee - ae a ns | _ + '.. # purpose of the line. These sequences must 
-. 5°" Command-Out , . The data on the bus-out | ; be ‘thoroughly understood to become com- 
a a & lines is a command. ~ . pletely familiar with the operation of the & 
aa ; a+ ‘ ; | interface. i ee 
' | Service-Out ‘Responds to data received z 7 ee t 
a from the control unit. on.a- 7 Cae 
‘read operation, and indi- oe aa i } 
cates data being sent to -~ “ Sree .. 
: : . the control unit ona : os 
- ie write operation. : - ee 
; ats 
| ++ 
a $s 
J | os . . . “ ake ; . . 
ADDRESS-OUT me. eS : | . | = 2 
®' The basic function of address-dut is to indicate to a con- te . 7 th 
_ trol unit that the information on busr out is an address. a es a 
& a. aS oy Ea Doo i ; a 
e Address-out can also be activated at the same time | _ | . 
; select-out is -deactivated to disconnect “a selected | ge 
control unit. from the interface. cokes 
The Channel transmits a signal over the | until it receives operational-in 
address-out line (Figure 2-6)’to indicate select-in, or statug-in. Select-in’ 


indicates that no control unit decoded 


yo either of two conditions: | | ( )C 
_ , ake * ao gas a Lae, i the address. This-occurs when the 


ee = . | ‘“ specified control unit is, off~line. | | 
“1. Address-out initiates selection of an ' Status-in- indicates that the designated 
IYO device causing“all attached. control ‘Control unit is busy and cannot be | 
units to. attempt to decode the address a interrupted so execute another opera- 
» On the pus~out lines. Because. each ¢, =~ ‘tion. The channel responds to the. 
control unit address is different, only . status-in reply by cancelling select- 
One unit can de€ode the address. If — out. It, then waits for status-in to z 
, the control unit that recognizéds the oe fall, and cancels address-out. ae. a 


conditioning ‘operational-in when control unit has decoded thé address, - 


address is not busy, it must respond by | 0 tional-in indicates that the""" 
arte ie 
Select-out is conditioned to the con- | ontroh 


trol unit. |. rene > ‘2. Address-out causes a control unit to 
. oo mn - a es Oe a: *  .disconnect from the interface. The ~ 
; Address-out precédes the rise of channel: . oe ge ee, ea ae 
select-out by 400 nanoseconds. The. . | a oe. at Se 
, channel must hold address-out active _@. Conditions the select-out line,’ 
S22 10r eo: AG/69F Se OS x B 6 , cS 
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» Dis ee ee eae froma ; 
| control unit, : 


_* allows address-out' to remain 
active), then after 250 ns, 


d. -Cancels select-out and holds , 
address~out active until the con- face. 
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(Not) Select-Out 
Operational-In - 


- Disconnect from Interfaée* 


Select-Out** 


Control Unit 
Decodes Address 


° 


(Not) Address-Out*** 


‘ ee Address-Out w £. 
r Decode Address on BrS-Out 
4 , e s ts s . 
| ow on Bus-Out ~ % 
' | } 
: * Control Unit must drop op-in within 6 usec. 
| ** Select-out rises a minimum of 400 ns after address-out . 
- mG *** Rise of Op-in causes address—out to fall. aa 7. 
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7 trot unit allows operat 
| fall. 


jonal- in to 


c. Conditions the address-out line (or The control unit must cancel operational-in 
within 6 microseconds after receiving the 

interface disconnect indication. ~ 
Operation proceéds to the normal end, but 
no data is transferred acr 


The I/0 


oss the inter- 
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COMMAND-OUT 

| r | | | : ‘a 8 r 

e - The basic re ee of command~out {is to “indicate to a con- 
trol unit that the information on bus-owt is a command, 


« Command-out also is used to indicate “Sroceed” at the ehd of 
Saas selection. | > | 
ad J | i 
° In response to status~ in Command-out signals a control unit 


to "stack" ‘its status. 


Satin Oe a 
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e In response to service-in, command-out indicates “stop”. bs 
# 
a 
Commond-Out , ame 
— : mck ; Decode Command Byte 
| i 3 : | A on Bus-Out 
Address-In | i 
‘ : 1 ee es « rd 
Initial Selection Sequence | ; 
; Proceed 
s 
\ 
tt 
‘ * i‘ 
Service-In : § 
Command-Ovt . , 
: ar p f 
£ 
‘ Status-In - | Pe 
Stack Stetus 

Commond-Qut 
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Figure 277s Command- Out 7 iat 7 tg 


# 


4 Ys A 


The. channel conditions the co nga i-out’ line 
(Figure 2-7) to respond to a ‘Signai on ‘an 
imbound tag line: During the-.iniftial sel- 
ection sequence, the channel Activates 
command-out to reply.to address-in, indi~. 
cating that a command byte is on the bus- 


the command-out reply to status-in causes 


A command-out response to service-in ~ - 
means "stop", and causes ‘the contfol unit 
to terminate the operation and reset. 
whether during the initial Selection 
sequence or at the end of the operation, ' 
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out lines. This command bytéspecifies' the the selected control unit to "stack" (hold) 
I/O Skea greg be performed. Only at * the status data. The contro’ ‘unit.can - 
this’ perfit in the initial -selection ~ “.. present the stacked status only if ¢ 


sequence does command-out cause 
ed control unit to decode the byte on. hus- 
out lines. After the initial selectian | 


e select- - 


Suppress-out and address-out are down -when 
select-out* rises at the contro} unit. 
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sequerice, the command-out response to a 
address-in means precees: ~ en , 
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- | » . Thg pasic eae ga service-out is to indicate to a con- . \e ' 
ea tael . 7 trp unit that data has been received oh S being” sent. . 
®@ ee Servicd . responds to? service- in ‘on yeaa or write opera- 4 ; 5 
hes . tions, a qa to status- in during a status ‘sequence. <a ; ia : 
: ae y ‘ | . uf ; ; . me : Rs 
a ‘ oS ee , A i y ae, 
a woo é eo: 
a Channel Has Data Byte on Bys-Out 3 t 
‘ @. % ’ or Received Byte.on Bus-In; Proseed 7 eo 
pags ie oe : a Not Suppress Out End the : : 
; . | ¢ rn _ Operation 
oF Part 1 
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. rea Chained : 
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:. oe : ° é. % eration 
. if Suppress-Out ~~, 
is Y o Pies , { ° . ; - .% x 
: P . Initiate. the Operation a 7 ts 
Py _ xe ; A a 7 a ; : 
a "Anitial Selection %, 
ae ee ks : > 
me ie ie 2~8. Service-Out i 
9 ‘| | 3 5 ro bs ‘. : 
Service-out © <3 ‘d@ line from the channel to» - When service-out - is sent in pesnense to 
all. attached control units ‘and is used to service-in during a write: or eentrol opera- 
signal the: selected device in recognition ‘tion, the rise of service-out indicates» 
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signal. 


device that” 
information: 
bus-out ee 


or to status-in, 


nthe service-~ in ’or status-in 

A signal on “the : 
ine indicates® to the selected . 

‘ghe channel has accepted the 

“on bus-in.or has providdd on > 

data requested by service-in. 


read-backwards, or 
the 


servige-out signal’must rise after tHé 


In these cases, 


has! been received. 
A 
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? 
4 i. . 
A 
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_channel accepts .the information on bus-in. 
the rise of service-out — 
indicates that the information on bus - in 


placed on the bus. 
up. until the fall of 
service-in or status-in signal. Service- - 
out cannot be up Concurrently with ‘any — 


ee ee 


/ When service-out is sent in response to % 
sefvice-in during read, 
sense ,opepations, 


chained. 
‘ ‘ details. 

channel. 
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In this case, 


“that the channel has provided the requested 
information: on bus-o@t. 
Sijgnal-must rise after the information is 
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Service-out must stay 
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A service-out' response to status—in 
. while suppkess- out is up indicates to the 
Gontrol unit that the.operation is being. 
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INBOUND PAG LINES 


: Ns 8 
7 : 


There are three inbound tag lines; 
Addre- tn 


Status-In- 
sev ree re 


These lines eonerel the basic. comunicat‘ion between a 


cont rol unit: and the. channel 
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Each of these 
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“Addres¢ on the ‘bus-in 


an address 


on the bus-in_ 
Status informa- 


The data 
lines* 1s 
tion. 


Status-In rd 
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The information the bus-in 
-lines is data on a read 
Operation. On a write 
Operation, this line. 
cates that the control - 


service-In 
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ADDRESS- IN 
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Address 

a control unit “addgesss« 
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When the channel. ident. if ies the 

with .command-out.. | 
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Addr ess—In 
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Operational-In 
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Figure 2-9. Address- In 


Address-in is a line from all attached 
control units to the channel (Figure 2 
-It is used to signal the channel .that 
address of ‘an L170 unit is on busin. 
Channel responds to address-in with 
comma nd-out. , - 


the 
The 


initial selection sequence, 
the address received. 
initially’ sent out. «If 
they are equal, the operdtian can proceed. 
If not, the channel Brandes to an error 
routine, a! 


= 4 
During the 
theschannel checks, 
against the address 
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can be active at. the same time. 
oped by the channel. 
activates | 


indi- 


information .on the bus 


Decode Address Byte on Bus-In 
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‘data transfer. 
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unit is pSay to. réceive: 
data. 

“The control unit uses the inbound. ta ag 
lines to-res pond to signal’ sequence devel-. . 
For example, during 

selection sequence the channel 
3 address-out. The control unit 
that 15 selected responds with address-in. 
The channel then sends command-out. When 
the control unit receives the command, it 
sends,Status-in. The channel responds with’ 
service-out. when the control unit is 
ready to send or. receive data, it activates 
service- in. = 
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During data transfer cycles, 
identities the, control unit. when address-in- 
is received. The channel,can’then select: — 
the’ correct information to ppoceed with 


the channel 


ay 


. . F j as 7 . 
: : _ j 
: * : : A 


poinea ns active until the rise ~ 
must then fall in order 
fall. 
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STATUS-IN ie 
: | ‘ mm e | A 
"e Status-in identifies the information on *he bus-in lines as_, ge 

a status byte. a 
° The line must remain active until the channel responds. ee 
Addiess= Out 
Busy Sequence 
A ; a 
; Status-In ‘ 
Decode Status Byte on Bus-In 
A 

Operational-In 

Figure 2-10. Status-In | | =e 
“. A control unit activates the status-in line 1. Service-out, indicating that the chan- 
“tO indicate to the channel that a status ; nel accepted the status. : 
e is on the bus-in lines (Figure A-10). | 
The atus byte has.a fixed format and | ae 
containSsPpits describing the current status 2. Command-out, indicating that the chan- 
at the cont: j nel has stacked the status. 
: If status-in is the control unit's reply 
Status-in must remain until the chan- to address-out during initial selection, it 
nel responds with: re must remain up until select-out falls. . 
: ee fice ah hn . 
: eg eae 
t : oun. 
SERVICE-IN-= 06 i 
‘ co | i: - | -.¢& _— i : 

°* Ona read operation, service-in {rdiéates that data ey 

ON the bus-in lines. ¥ ; 

| ; sl 


° On a write operation, service-in indicates that the control 
unit is Beagy: LO. receive data. 


e This line remains secaee until the rise of either command- 
out or service-out. 


Output Operation Request that Channel Transmit 


Operational-Iin 
E a Data Byte on Bus-Out ° : _ 


Service-In 


Request that Channel Accept 


A the Data Byte on Bus~In 
Input Seatiiels ® a 
‘Figure deat. Service-In 
| ee 
A contro. unit. activates che.’ service-in on the bus-in lines (read, read 
line (Figure Pi “11) to: eo, backward, and sense operations). 
“1. Signal the channel that a data byte is 2. Request that the channel transmit a 
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data byte on the bus-~-out lines iaaite 1. Service-out, when data is accepted or 
or control operations). 7 transmitted. 


<n 


- 2. Command-out, to stop data transfers and 
The channel responds to seryice-in with: - end the operation. + . 
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INTERLOCK LINES 


e There are two interlock lines: \ 


Operational-in | - i | 
Operational-out . . See as ; 


e These lines permit only one cone eo} unit at a time to com- 
municate with the channel. 
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‘The interlock lines provide additional 


control of the interface. They are used to _ } 
gate other signals, reset, all Control units 3 


eeoec0e 


and signal the* channel that a unit is . | . ie 

selected. . | bog : ; 

: 2 
| \ 
OPERATIONAL- OUT ta SR toate oR — , 
= PR ah et as 5 go See eS f ; 
» @* All outbound lines are Controlled by operataonal= out . i a <i om 
e To Jase ait the control units, the channel drops 
Ooperationa@l~out and suppress-out. : 

‘ Operationai-out originates at the channel tively or concurrently, depending on the 
when the processing unit iS power-on-reset. Status of suppress-out, a special control 
It stays up as long as the channel is oper- line (Figure 2-12). If the channel drops 
able. The Operational-out line enables all Operational-out while a control unit is 
control units on the interface to commun i - Operating on the interface, the control : 
cate with the channel (providing the cor- unit is reset. If the channél wishes to : 
rect - Signal sequences are maintained). If . reset all control units on the interface, 
Operational-out is down, all interface ‘the suppress-out and operational-out lines 
Signals become ‘ineffective. are both dropped (for a period of at least 


6 microseconds to ensure a complete reset). 
The fall of operational-out resets con- | 


trol units on the interface either selec- 
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(Not) Suppress-Out 


(Not) Operational-Out 


Figure 2-12. Operational-Out 
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Reset all On-Line 


Control Units 
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e .Operational-in signals the channel that a device is select- 


ed. - “he ed 4 


e When select-out falls and the signal sequence is completed, 


Operational-in is dropped. 


To initiate an interface signal sequence, a 
control unit conditions operational-in when 
the incoming select-out line is up. 
same time, the control unit blocks select- 
out from reaching the next control unit. 


“No other control unit can connect to the 


interface while operational~ in\ is UD. » | 
Oren operat ional- in is raised for a 
Fever Signal sequence, it Stays up 
until all required information i 
transmitted between the ’channel and the 
device. Operational-in drops at the same 
time as the transfer of the last ’byte of 
information, if select-out is down.” 


At the - 


oe ever,* 


* 


Signals on bus-in and on the inbound tag 
lines are significant. only when 
operational-in is up, except in the case of 
the control-unit-busy selection sequence. 


When operational-in is down, the ‘channel 


disregards any signal, on.these lineg. How- . 
most control units are interlocked so. 
that no signals are placed on any’ inbound 
lines when operational-in is down. This is 
necessdry to prevent erroneous indications 
to the channel when another control unit 
first raises its operational-in line. 
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SPECIAL CONTROLS 


CLOCK-OUT 


r i | | 
e Clock-out designates when a control unit is allowed to a 
‘change to CE mode. 


/ @ Clockrout indicates that the processing unit is not ina 
halt or wait cone teen: : 


j % 4 
: . e 
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A control unit can switch to CE mode only _ Of CE oe unless the aioe: ~out line is 


when the System-360 processing unit is down. The. clock-out line prevents the 
halted or waiting. The clock-out line setting of the CE mode latch by the CE key 
indicates that the processing unit is not Switch. Clock-out is raised by the channel - 
halted or not waiting, and could address when the conditions are as shown in Figure 
any control unit. Therefore, a control ‘ 2-13. 
unit is prevented from changing in or out _% - ie 
re 
N “acd = 


(Not) CPU in Wait Condition 


-_ Clock+Qut, e ? 


(Not) CPU in Halt Condition 


a (Not) CE CPU Meter Recording Time 


Figure 2-13. Clock-Out : 


METERING- OUT | : : 


s cine} enables the control unit usage-meters to record 
time. ; 


| 
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The channel raises the metering-out line to 
all control units whenever the processing 
unit customer usage-meter is recording 
time. Metering-out causes customer usage- 
meters: to register time in each control 
unit that is not in the, disabled state (CE 
mode). 
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special functions. 


METERING-IN -. 
e Metering-in indicates to the channel that the control unit 


is recording time. - .. oy 
‘ 4 . 
3 . | ca. 


o 


a + 
4 + ‘ 
— 
Pa 


A control unit trg@nsmits metering-in to the 
channel when the" ‘customer meter on the 
control ..unit~ is recording time. Metering- . . re 


in “causes the customer meter that records 


use of the processing unit to accumulate 
time even though the processing unit ae 
in the halt or wait condition. . 


SUPPRESS- OUT 
e The suppress-out line has these:functions: ~~ ot 
«Suppress Status” °°" . _ 
_. Suppress data transfer 
‘~ Chain command contyol 
Selective reset. 


Control Unit has Assembled Status Data 


~~ Select-Out 


% 


(Not) Suppress-Out 


Previously Stacked 
Status 


Block Service- 


ServicesOut 
In to Channel 


Suppress-Out 


Suppress-Out 
ess-O Chained Operation 
Service-Out e 


Suppress-Out 
(Not) Operational-Out 
Operational-in 


Selective Reset 


Figure 2-14. Suppress-Out, = ie 
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The suppress- out line (Figure 2- 14) 
connects’ the channel to each control unit. . 


bound tag line to provide the following 
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SUPPRESS STATUS; When a control unit. ends 
an I/O operation, it transmits a status 
Suppress-out is used alone or with an out- byte on bus-in lines and conditions the 
status-in tag line to the channel. The 
status byte indicates whether-errors were. 
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encountered in performing the operation and 
Signals the channel that the operation is 

' complete. A channel may respond to status-_ 
in with command-out, causing the control 
-unit to stack the status data. | 

When select- out rises at a control unit 

holding stacked status data, that control 
unit will not capture the interface to 

' present the, status byte if suppress-out is. 
active. The channel must condition 
Suppress-out at least 250.nanoseconds 
before the control unit receives select-out | 
to ensure that the stacked status data is © 
not transmitted. The rise of Suppress~out 
after a control unit begins a status cycle 
does‘ not interferé with the transmission’ of — 
the status byte. If a control unit condi- 
tions request~in to offer status’ data, and 

““Suppress~-out rises ‘before the control unit 
receives. elect out, suppress~-out gnops 
request-in. os : : : uN 
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SUPPRESS DATA epieree. FOr yoneyelie- 
I/Q dévices - (buffered Ifo devices, not 

‘applicable to tape) that ean wait for data 
‘transfers ea nope indicating an overrun ‘ 
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* to status-in with service-out. 
‘ State of the Suppress-out line-and the 
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condition, suppress- out blocks service-in. 
The channel must condition. suppress-out at 
_least 250 nanoseconds. before the previous — 
“service-out tag drops to ensure that the 
subsequent request for data or offer of 
data will be Suppressed. . 
CHAIN COMMAND CONTROL: To indicate a 
chained command,: the channel conditions © 
Suppress-out after the selected control 
unit -begins the cycle to tvansfer the 
Status byte and before the channel responds 
The active 


/ 


service-out response to status-in combine. 
to hold ‘selection of the control uni and . 
the I/O dévice. The next command from -the 
channel thust be directed to that control 
unit and: I/O device. — 


-_ 


SELECTIVE ‘RESET: If the ‘ant ane] wenai Cons 
Suppregs-out at vleast 250 na oseconds | 

before allowing operational- out to fall and ~ 
holds Suppress~ out active until 250 nano- 
=séeonds after operational-out rises: again, 
pthy the I/0 device presently operating 

-on fhe intérface is reset. 
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scute the operation. 
+ attached to-the interface attempts to: 


tions. | . + 


The interfaée signal sequence in which the 
channel selects a control unit and I/O _ 
device ‘and specifies an operation to be _ 
performed is called the initial selection 
: ~ Regardless-of the 
unit selected .or' the operation designated, 
the signal sequence in the initial selec~ 
tion is Pads ed | = 


sequence (Figure 2-15). BLSte ests 


tie eu 
Commend-Out" 


st A multiplex ‘channel will respond to status-in with ciher : a 
.command-out or service-out. Normally, o.sélector channel 3 


will nee to’ statuszin with a service-ow. _ 


~ . ~ 


ane Bepending « on the: chanhel senicilins the. operation, elecheout 


might drop during the initial selection sequence or rémain 
“active after, the sequence is complete. Operational-in cannot . 
Sree until: sélect-out is $ \nactive. - 


wenn Select- Our and Hold- Qut ue together. - 


Sa eal 15 fidvaaiereccies Sequence - 


ton 7 ‘ a 


sequence by transmitting an address byte on 
the bus-out lines and raising address-6éut. 
The -address ‘byte. selects the unit to exe- 
Each cdéntrol unit — 


decode the address, but, because all inter- 
face’ addresses are different, only. one unit 
can ‘interpret. the coded Byte. 


When :select- -out is - active at the control - 
unit that -successfully decodes the address , 
a that el unit conditions ace i 


woo4ay 
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incoming. select-out ‘ig conditioned. 


_andyterminate the select io 


-on-bus-in and raises status-in. 


The channel begins the initial selection © 3 
_ Signal completes the initial selection oe 
a se as ak | 


“The next time select-out rises at any 


‘ ee eo 8 ; - 2 
INITIAL SELECTION SEQUENCE . ; : ee: 
@ During tne initial selection sequence,: the ‘channel selects a. a 

control unit and specifies the operation to be performed. | 
e. This sequence is the same for ih control units. and opera- . | oe a rs 


i, Ve - é 


71. Status- -in,. wnaveaciny: that. the selected 


unit is busy and cannot execute another 
eperat dons “OF 


fa 7 : =% 


oe he ts 
». Operat ional- in, inaicatang née ena eee 


| designated unit, will complete the ini-' 
' tial-selection sequence. However, the’ 
' Operational- ‘in response to address-out 
does not commit the control unit .or the. 
channel to perform an operation. ~ 


If no control unit decodes the sqaeene 


byte (specified control unit is ane Line 
the address byte is invalid,- 


etc.) ‘the 
control unit with the Jaw t pri jority” ‘pro- 
pagates select-in t he Channel ‘when its 
. Fhe 
select-in or status-iin reply to’ ‘address-out 
causes the channel to cancel address- out. “3 
Sequence. ’ 
When operational- in causes’ the channel . 
to cancel address-out, the salected control 
unit transmits an addfess. byte on bus-in 
lines and conditions the address-in line. 
The: channel compares this address to’ the 
address it placed on the bus- -~gut lines to 
ensure that the right fevice. has answered. | 


“‘Afit er chiécking the. address, the. channel 


' responds to:address~in by transmitting a 
command byte and conditioning command=-out — 


to the control unit... The command byte ~ 
designates one of seven: operations (read, 


” “yead backward, write, control, sense, test 


I/O, or no-op)*; and establishes conditions 
to control execution oF the Operation. ~ i 


The control: ‘unit must then drop address- 


in, and after command-out falls, the 


control unit places its status information | aa 
If -the 1/0 fe 
device is available, the status byte is» >. 
zero. If the channel. accepts this status 
byte, it responds with service-out. This _ 


When: a control unit that Geeesnce. have 


-Operational- in up/reqiires’ ‘service,.iti® 


raises its request-in line to the ‘channel.. 


con- 
trol unit requiring service. and no. I/0 — 
selection is being attempted by the channel 
(address-out down), the -control unit places 
the address of.the device on. bus-in. It | 


then Signals on. both the’ address- =. and d the. 
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b ae ee. a Sect ion 2 
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‘when any I/0 Seperation, except. “‘test-1/0 and 
no-op, has proceeded to its normal end, the 
‘control unit assembles and -transmits a - 

’ second status byte to the channel. The 
meaning: and. format of this status byte are 
identical to,the purpose and format of the 

atus byte transmitted during the initial. 
eeeeceyOn sequence. 
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To acknowledge receipt of the status 

_ byte, the channel, conditions either 
“service-out or command-out. Service-out 
indicates that the. channel has accepted the. 
Status data and résets the operation. 
_Command-out causes the control: anit to" 
stack the status. YES: 
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“lye the. channel conditions: suppress- out 
250" nanoseconds before select-out rises at 
the- ‘control unit holding stacked - Status 


‘@ 


we, 


data, the cont ol unit doesnot transmit . ° : 
the status byte again until suppress-out | 
drops. When the channel. cancels suppress- 


out, and selegt-out to the unit is active, - 
-. the control unit sends its address, and 

\ re-transmitg, the Status byte to the 
channel. . a. ie 
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If ne channel does not. condition 
suppress-out before’ select-out rises at the 
control unit holding stacked status data,; 
the control unit initiates another ‘cycle to 
transmit the status byte again. 
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.operational~in lines, and removes the \ » Unit, indicating proceed. After address- -~in a 
request-in Signal. | 4 drops, the channel responds by dropping the. 
| \ command-out signal. The remainder of tHe . “ee 
When the channel recognizes the address, sequence is the same as a channel- sie ete ag 
a command-out signal is sent to the control initial select ion sequence. ene | 
nae J 2 . 2 | a ae e % } 
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6° Service- in and service-out are the controlling eng anes.” vy ©. 
Data evansrers may be Pequested: by a control channel, »service-in is raised. ‘The channel ) 
unit aftér a selection sequence. To trans- places the data on bus-out and siqnals with _N 
mit to ‘the channel, the éontrol unit places service-out. The channel maintains the | ; oe 
a data byte on bus-in. and raises service-; valaoesy of bus~out. until service-in falls. a | 
in. * The tag and the: data on ‘bus-in must be service-in falls, the. channel. responds @ 
held. ‘until an outbound: tag is raised in a RORPI Ag service~out. . ey . 
\ response, To request data fromthe. ;° 7 : oo 
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END OPERATION o 2 ee ; 
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@ The IBM 2030 mal tiplexor cNannel Bhates data- “flow registers “« 
with the CPU. © ; 2a: a oe US gt eS | a | 
7. } + . a s : ; 4 oe : es _ 
_@ - The: multiplexor channel consists mainly of microprogram : 
cS . | routines. a ee 
; i ? ‘ “y * va 
° The mult iplexér channel ‘Can sustain operations with several : 
mm: ° :. | 140 devices’ at once on a° ‘data purer leer as basis. ~) 0 60 | . . 
(+ othe basic 15M 2030 multiplexor channel has 32 subchannels, __ _ te fe - 
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: The IBM 2030 muLeiplexer channel. is basi- 

~ cally a- microprogram that uses the CPU 
data~flow registers to perform the multi- 

’ plexor channe} functions (Figure 3-1). The 
I/O eocae issued to the multiplexors 
-channel (Start I/O, Test I/O, Halt T/Q, and 
‘Test Channel)) are all meanal ty the chan- 
nel mn CEOPEO am. , 
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The multi piexor channel may operate in 
' either one of :two modes,' BURST or BYTE 
mode... In “burst. mode, , the channel selects 
_ and operates with one I/0 device, only, 
-until the entire ‘CCW or’ chain of, CCW's. ‘is 
executed. 
the channel selects and Operates- with ao 
* “device until one; tw@ or four .bytes-have 
been transferred. The channel: has no con- 
trol’ over its mode of operation, nor in the 
case of byte mode, does it détermine the — 
“number. of bytes to be transferred’ on each 
Selection of an I/O device. -Both of these 
conditions are determined by the I/O device 
involved. . = 
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| The basic: IBM 2030 multiplexor channel 
operates under control of 32 subchannels. 

' The subchannels maintain the operating 

“+! information for. each Ccw being execut ed by 
the: channel. ..- . cs 
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Upon the initiation of an I/O operation. 
by the CPU, the channel microprogram reads 
out the Channel Address Word (CAW). 

+ Besides reading aut the CAW, this routine 
also checks the PSwW to insure that it Spe- 
cifies SUBSE YESOLY’ State. 

; 

If the PSW does not’ speciey Supervisory 
state, a program interrupt occurs. If the 
PSW is in supervisory state,” the channel 
fee the exécution of. the. instruction. 


When executing either atest channel, a 
halt IVO, or test-I/0 instruction, the 
channel executes ° ‘the entire instruction 
before returning the CPU to I-cycles: 


eo 


.. before the execution.is complete, . 
after the selected. I/O control unit and 
device have disconnected from the channel . 


“tion for a selected device is. stored in the 


In byte or.data interleave mode, ~ 


pleted, the channel in 


“of error routine if the CSW indicates the . 
instruction was not executed correctly. 


When . 
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executing a start I/0 instruction the chan-. .- 
nel allows the CPU to return to I-cycles |. x 
ut only =. 


as in the case of byte-mode devices. 
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_ Whenever the CPU’ returns to. executing. 
other instructions, the’ operat ing informa- <: 


subchannel. When the device requires ser- 
vice, the channel breaks into the current 
microprogram routine, stores the CPU d ta 
flow register information in. local sto Ppge, 
obtains the operating information from the a]. 
subchannel, and Operates with the device , 
until it disconnects from the channel. 

When the I/O control unit disconnects from 
the channel, the channel: updates the sub- ee Be 
channel information, and allows the CPU to ae ie : SEN 
continue the execution of the current-PSW | Wwe 
instruction. : 


WW 


. 
When the entire Ccw. seq lence ‘specified 


by -the start I/O festa has been -com-_ 
rrupts the current. 


PSW instruction sequence if allowed to do -. 


Next =< S 
so by. ‘the current PSW system’mask. The _ Address 
channel then stores the required informa- SAL Information 


tiog in the Channel Status Word (CSW). | 
After’ the CSW has been. generated, the 1/0° 
new PSW takes the place of the current PSW. _ 
The. CBU now executes the 1/0 new PSW Sg eae : 
instruction ea eee mE , 


+ as ¢ ae 

The I/O program will. -nornaliy preven’ a 
Other I/O interrupts by masking them off © “= * ~ .~ 
with the system mask: It will normally Soe ees 
interrogate the CSW and execute some type. 


Otherwise, the I/O program will normally §- 
allow the CPU to begin the execution of any 
pending I/O instructions: and then return 

the CPU to processing the PSW instruction ° 


sequence. that was discontinued by the I/O. et z 
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selects: the sybchannel associated. with that 
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e. A MPX channel subchannel is a doubl 
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.. Single or shared subchannels. 
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DATA FLOW, 2 
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- pass through the RO EeGet ers: 


° “the. UV-registers maintain the data address” 


° ‘The. LD-registers’ ore the count. 
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Because the MPX channel. ‘uses the Cpu reg- - * 


isters: to. accomplish its objectives, the 
MPX- data flow is quite exmhioe t.o normat os 
"CPU data flow. . | 3 : 
_ On input operations the channel - receives 
data on bus-in. The MPX channel micropro~. 
gram puts. the bus-in- information into the 


| R-register by specifying the R+register as . 
_ ., the destination and bus-in-.as the A- 
- “«yegister entry. © 


The data - goes ‘thrdugh the 
A-régister and Arithmetic Logic’ Unit. Gag 
Any parity. errors are corrected in the ALU, .. 
and a. channel control check is Set if. -+-~ 
running in process mode. If running in 
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7 ew 


"FUNCTIONAL UNITS foe «He 


SUB CHANNELS ~ 


e Operating information necessary to sustai 
- operation is contained ina subchannel. 


: é 


word 
Controlled Word (ucw). 
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e vows. are “stored a MPX storage e 
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ura daa Gf the:IBM 2030 CPU ‘and the 
Slow speed of many I/O devices makes it 
' desirable to have a channel -that can 


operate several I/O devices at a time. The 
multiplexor channel fulfills this require- 
By - having many subchannels, each of 
which contains.a current record of one 1/0 
operation, the multiplexor channel is able 
to read or write from several low-speed 1/0 
devicesj;at a time. When an I/O device - 
the multiplexor channel. 


I/O device and services the I/O device . 
under control of - ¢he subchannel .. The ‘IBM 
2030 has 32 subchannels as a standard’ fea~* 


ture and may have up to 224 subchannels as. 


optional feat tures : 


“The first 7 subchannels. can be either 
The remain- 


" 
s é 


All ais isieeh he MPX channel and CPU main storage must 


. main storage into the R-register. 


the. ve registers maintain the data okra 
whil tes ard the count. 


| The “MX channel may have toe to 224. sub nannels. 


ing subchannels are all. sie. 


2 
os 


t ' : * 


coo” 


- stop moda. an A-tegister ertor is set. The 
data enters the R-register’from the ALU. | 
It is then stored in. main S' Pred by eo 


: store. cycle. pO ET os - 
: . | i 


On out put eesti che: ‘fata is eewal out of 
From the 
“"R-register the data (control data or record 
data) enters the bus-out register which ° 
condi tions the bus out lines 


- During. both input and’ output operations, 


"he 


a single. I/0 


called’ as unit 4: eae a # 


> ‘ . : . 
= * . : 
. eo - ‘ ; 


by the microprogram from the 1 ee cs 


A shared ., 
subchannel can be used by more than:one 1/0 
device. Shared subchannels are normally | 
used by multiunit control units, such as_ 
tape or disk drives which control several 
When several I/O devices 
share a subchannel, only one of the I/0 
devices can. operate at any given time. 


A subchannel contains the necessary. ned 
information that is Needed to sustain‘ chan- 
nel operation with ‘a particular I/O device: | 
Unit Control Words -(UCW) Serve as the MPX 
phone Lnabehsane sees | 

A basic IBM "2030° “has 32 UCW's stored in 
a portion of auxiliary storage called MPX 
storage. The’ UCW's remain in -MPX storage | 
when not being. used for channel operation. | 


| 
. { 

: . See 4 , 
ft 4 4 
} 


aa Section 3 3-3 


4 . : 


OLnectly: | Go 


: -™ 


, *l 


may are fetched from the MPX storage when- 


i 


WwnN— Oo 


| as \ 
oan | ‘G 
Sk es UNIT CONTROL WORD ~ 
ms aa cy a UCW 
_000 010 01 100 - 


‘Channe | 


Status © 


| Channel Status. Byte 


110 WW 


Next CCWs- 
Address 
_ 1 Low 


10] 


High 


Op. and Flags Byte 


- Chain Data Address (CDA) : ‘ 


~ Count Zero (1050 Only) 0 
~. Channel! Control Check: 1 = Command Chaining (CC) 
- Interface Control Check _ 2 ~ Suppress Length Indication (SLI) 
- os Status Received Coded ex- | “3 = Skip 
planation i ee 2 2 
be low .: | . | , 
4- (IN! Name). . eee ‘4 eae Controlled Interrupt (PCJ) 
5 = Incorrect Length — a ‘5 = Active , - ae 
6 - Program Check I - 6.- Output (Write) 
7 - Erotaction Check © ee 7 - Decrement Data Address 
3 4 rs : rm . * 
0 0 Haridling Data; Expecting: Dota. 
Oo tT Device Instructed to Stop; Expecting Status.. 
1 0 Status Stacked at Control! Unit. 
1 1 ‘Status Is in Interrupt Buffer (1B). 
Figure 3~2. Unit Control Format 
ae 
needed,. daa pices in the: CPU registers. 


are restored into 


After | they: have been used and updated, they 
the MPX storage. 


it 
“e 


ar © i * 
| so z ; > ‘s 


Figure 3-2 shows the UCW format. 


initial UCW.is generated in the CPU reg- 
isters during E- phase of a Start I/0 


is fetched from the CAwW. 
address generates. t 


mum of 16 bits lo 


The| address of the first CCW 
Adding 8 to this 


the. next CCW ibaa 2 


instruction. o 


ebxcn ‘becomes part of the uew. — 
“the data egiavaue ana count are fet ghed 
from the. first ccW and placed in the UcW. 


Because the 2030'.storage addresg is a maxi- 
g, only 2 bytes are need- 
ed in. the UCW for the data address. The 


same Holds true for ne eee Gy ae ceees: 


a 


The optané-flad ite in the UCWiis now 


' generated from the CCW command byte and 


flag byte... 


The 5. flags are transferred 
intact. The. command is compressed to two. 
necessary bits: bit-6 indicating input when 
0, and ‘output when 1,' and. bit-7 indicating 
Acrement or decrement data address. Bit-5 


is the. active bit for the UCW, and is:set 
during # start I/O and reset. by ‘the’store 
CSW pox¥tion“of. an 170 interrupt or test I/O 
instru Lor. me Agee 4 | 7 
eS 2 i ice orm” 
Pa | = ie 
po Teles ! 
4 ~ 
3~4 ! : ie . 


The ~*~. 


nel status byte in the CSW. 


e 


The status byte contains information 
necessary to generate.the CSW. It is kept 
current during an I/O. operation, and with 
some interchange of bits, becomes the chan- 
Bits-3 and-4 


are not “used in the CSW. One is replaced 


-by the PCI flag, and the other is unused in 
~the CSW. 


Bits 3 and 4 have meaning only 
when the active bit (5) is on. 


si 


Bit-3 onky indicates the device status 


« byte has Pe ane in the Be ed “* 


device next. 


is active) 


Bit~4 adone indicates. that aearus= in, 
not service- in, 


If n it is an error. | 


6 


Py 


When bit-3 and bit-4 are on together, a 
(Channel End (CHE) type of unit status (UCW 
has been stored in the IB and. 
the multiplexor-interrupt latch turned on. 


-- 4 


Both bits 3 and 4-off. (0), indicate the 
channel is expecting data and has not yet 
come to the end of the specified count. 


~ * 


x 
2 


All other positions in the status and 
op-and- flags bytes have the same meaning.as 
they do in the CCW flags byte and,the CSW 


_channel-~ status - DYES? 
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@. _MPX_ STORAGE (SUBCHANNEL STORAGE) 
e @ 32 asap he words. used to store unit. control words ? 8 . Se 
in che basic CPU (8K main storage). ——-  * 
: ; | | 
@ Each aeubie word, or ‘uUCW, is associated with a control unit . | , 
@ or device attached to the sha aaa channel interface. ~ | oe ; 
e The UCW address ‘is developed from the eke device address by | 
@ ‘microprogramming. ‘ : ; | - | 7 
e The XH and. XL latches in the FB register are used to “ 
distinguish between local storage‘and up to 3 MPX 
eo storage areas in auxiliary: storage. An. XXH latch is, ; 
used. when more than 3/MPX areas are available. : 
@ uCW 31 is assigned to the console subchannel. 
oe o. Figure 3-3 shows UCW address development. 
F Pe : _ 
MPX @torage is a variable- -size portion of subenannel ‘ucw! 's can be shared by | up to | 
a auxiliary core storage. It’ is organized in 16-I/O devices. The limitation is due to. i 
e areas of. 256 bytes, each containing 32 UCW's addressing. a | : ; 
numbered 0 through 31. The number of. these : _ i 
areas present in the 2030 depends on the | Single gcbehannel uCW's are. used 5 I/O 
Size of main eh : | devices which do not have a bit in position 
o : cig } : | | _ 0 of their address. There are 24 single 
: e — | - 2 subchannel UCW's in the basic MPX storage 
; ) a es (8K main storage. CPU's) with up to-224. © 
UCW's 0 through 7 are used. by multi- '. | Single subchannei UCW's available qn the , 
device control units., These eight UCW's 2030. When 224 UCW's are available,’ none 
are called shared subchannels, and devices may be shared. Any of the first 8 
that use them must have an address’ that _ gubchannels,-not' used by multi-device 
gontains a bit in position 0 (for example, control units, may be paki by a Gocmee 
x '80', x '90'). Each of these shared device control unit. 
e SINGLE SUBCHANNEL >. _ . , i. | 7 SHARED SUBCHANNEL 
7 | es ae ey ee a, | ; 
eo V-Register VéRegister | 


Not Used to. Detegntne 
UCW Address. 


T-Register | 


Address of Byte, Within 
UCW, Determined by 
Micro-program .. - 


Address of Byte, Within UCW, 
Determined By the Micro-program. 


Se 3 - : ’ : oF, a 
peteae | Se , ee —? = | | Set to Zero. =e = a 


“ : ; > £ ; ; dt aah '? z a ™ Fe 
Figure 3- 3. Conversion of 1/0 Bevice Address to MPX Storage Address | oy 
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UCW ada seua 31 is reserved for use by determine which of the three MPX storage 
the console subchannel. When this addre areas will be used. If XH and L are both 
is detected during a start I/O, a branch off, one of the first 32 UCW's ill be 
is takén to the console subchannel addressed. The two optional Xx Storage 


microprogram. — _ areas are addressed by either: XH only or 
XL only being on. This also meaMm that a 
device address with 011 in bit positions 
0, 1, and 2 would be invalid because 

this would cause local storage to be 
addressed. Validity eres is Bone by 


XXH, XH, XL latches--These three latches the microprogram. 


are set to indicate which MPX storage area : 
fs to be accessed for a particular UCW. 


: The address of each UCW is developed 
from the I/O device address. The 
development is done by microprogramming. 


Next, the 3-bit of the V-register is 


When the three latches are all OFF, they transferred to the 4-bit position of.the 
may be binarily represented at 000. This ‘Prregister. Then, the 4-, 5-, 6-, and 7- 
bit configuration indicates that a , bits are transferred to the 0-, l-, 2-, 
subchannel in the MPX 0: area is to be used. and 3-bit positions of the T-register. i 
The XH and XL latches may represent a bit ‘+ Now one out of a possible 244 UCW's has 

val 0 to 2 (binary 00 to 1l), | been selected. Bits-5, -6, and -7 of the 

ind ifins MPX 0 through-2 areas of MPX T-register are now set to a\constant by 

storage. This <fange provides enough storage the microprogram, thus thé T-register 

for the total standard number of UCW's contains the agdress of one ee of the 
possible (96). When the special feature of proper UCW. 

224 subchdnnels is installed, a third latch @ 

(XXH) is used to. indicate a binary range PE Bosd or20 ee the Vireei ster. oa 13, 
from 000 to 110. re ; a shared subchannel UCW is indicated. In 

Cal eee ex ts | this case positions 1, 2, and 3 in the 

, The I70 device address is stored in-the V-register are transferred to positions l, 
V-register during I-cycles. The.bits in .. 2, and 3 in the T-register. The XXH, 

the V-register are then transferred to the XH, and XL latches are turned off (seu to 


T-register, and the XXH, XH, and XL tatches. 0) and positions 0 and 4 of the T-register 
This transfér is accomplished in one of two are set to 0. Positions 4, 5, 6, «and 7 of 


. * 
TE 


‘ways, as determined by position 0 of the the V-register are not used. 
_ V-régister. 2s . | 
; | | be , . Again, bits-5, ae and -7 of the T- . 
If position 0 of the V-register is a register are set to address one of the 8 


zero, a Single subchannel UCW is indicated. *« _ bytes in the uUCW selected. 
‘ Position one is transferred to the XH : 
latch; position two is transferred to- 


- Device addresses 00 encoun 1F are valid 


the XL latch. The XXH latch is set by -. Lona basic Model 30. By adding two more 
position 0 of the V-register 1f 224 a  MPX storage areas, device addresses: 20. 
subchannels are available. These latches through 5F are also valid. 


at, 


>“ MPX CHANNEL MICROPROGRAM ~ | _ ; a oe - 


=e e the MP X aanner mitroprogram perforns all the MP x channel 
functions. . < 4 
ry The MPX mi croprogram ney be entered. ‘from four different 
sources? : | | | 
- 25 | = ss 2 # | 
As ‘The 170 instructions. | > ac | 
2. The store CSW routine. os a 4 
3. MPX share i a Ao | 2, ee | : 


r . . : ; hens ae, 


; 


a ° 
. R a 
- : : . . i - 
: : Z : ' 1+ a 3 * bs > £ 
© + . . . 
5 : _ ' : 
‘ * P 
: 2 : . 
7 : : : : : ; : 
ss 1 . : 


_" The MPX microprogram ‘has exits for: - ae 7 i 


a 


1.’ Selector channel 1/0 deueeuetons: a oe : . Oo | | 7 
7 ae Console subchannel instructions, — | Be | | a oe ; 
3. Return’ to the- CPY ie aia baa pie us . Sg | ee oe 
‘4. Load PSW. | _ eR; | : ye i, ae 


2 : 
e _¢£ 


The four entries,to the mi croprogram oa 


, -c nnel operati S are | 
all mult iplexor Ze on the four basic uses of the micro- a 


i ocr a, 


performed under control of the channels~ - “point out . 
mi croprogram. The CPU may enter the MPX . program. . The four I/O instructions: ie 
channel microprogram by, means of a ‘normal  I70, Test I/0, Halt I/O and -Test channe 

. mMicroprogram branch, as-on start I/O - | enter the channel program from I- cycles. 

. instructions, or the CPU. may be forced into Start I/O uses the majority of micro steps, 
the MPX channel microprogram by. the MPX  . while the test-channel instruction uses 


stacking latch.as on MPX"share-cycles. ~~~" very few. a . . 
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A forced branch to the second entry 
point, is. caused by a multiplexor share- 
from some I/O device. ‘This entry consists 
of the store CPU register routine, plus - 
several other routines, which perform the 
Share operation. 


A forced entry into the MPX channel 
microprogram is accaqmplished when a share- 
request sets the WX-registers to the 
address of a channel microprogram word. 
be able to return the CPU to its present 
Operating state, the address in the wx- 
registers is stored in the MPX channel read 
only back up address register (ROBAR). The 
branching conditions of the last addressed 
CPU micro program word are also stored in 
the MPXgchannel. These are stored in the 
buffer festore latches. ; 


To 


' The third entry is used when an I/O. 
interrupt causes a store old PSW, store 
CSW, load new RSW, operation. The store 
CSW portion the I/O interrupt is 
performed by the multiplexor channel micro- 
program, if the multiplexor channel caused 
the interrupt. a 


The fourth entry is another forced 
branch caused by the initial program load 
(IPL) key in the console. The routine | 
entered by this branch sets up a dummy CCW 


and start I/O to cause IPL. - 


The MPX channel exits are: 


I/Q_ INTERFACE CONTROL 


e Out-bound lines are controlled 
registers. 7 


reset latches in the FA register. 
‘ 


t 


Some of the latches in the FA and FB. 
registers are used to control the outbound 
interface lines. Microprogramming sets 
these latches, and either the inbound 
interface lines or microprogramming can % 
reset the latches. 


bylatches in the FA and FB a a8 


“en 


1. _.When the program is entered from I- 
cycles, the channel address is tested. 
. A selector channel address causes a 
branch to the selector channel 
mi croprogram. 
If the device address ona basic 
machine calls for UCW 31, a branch to 
the console subchannel micrpprogram is 
taken. , } 
3. At the end of either a stort 
- IPL operation, the program 
‘the load PSW routine. : 


ns 


CSW or an 
ranches to 


multiplexor 


4. An I/O instruction for the 
‘Channel will return the c to I-cycles 
on completion. ° a 

5. A microprogram trap, cauged by a share-_ 


‘reguest, returns the CPUIto the micro 
word that was ea) the trap 
if no other Share request& are pending. 


cue 


registers, gate data through the channel, 
and allow the microprogram to branch on 
multiplexor channel signals. 


* Data passes from bus-in to the Fi-bus, 
and from the MPX bus-out register to bus 
out.. The FT-bus is a group of signals from 
the interface and channel, put together to 


.forma byte that can read ont 0,@heE7"A~bus 


for testing. os 
: ee 
The status bus‘is made up*of signals 
used to control microprogram branching. 


a 


e . In-bound lines are sensed by the microprogram or used to 


ed 


The inboung lines are either sensed 


directly, by the microprogram, or mixed _ 
acd ee and then sensed.- 
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command-out tag line. wen it is on. 


‘{Eigume eae 


FA-REGISPER 


° The FA-register is comprised of five latches (Figure 3-%). 


° It controls the tag-out and bus-out interface lines. . 


/e@ It controls polling. 


The FA-register latches are turned on by 
microwords that specify FA in the CS field. 
The value of the CK- field selects a speci- 
fic FA-register latch or latches. @ 


The five FA-register latches are: 


1; Command-start latch 
2% Service-out latch 
a. Command-out latch 
u, Address-out latch 
> Bus-Out-control latch 


COMMAND-START: This latch turns on when a 
microword CS-field specifies FA. The 
command-start latch is controlled by the 
parity-bit position of the CK-field. When 
it is 1, the latch turns on. When it is 0, 
the latch turns‘ off. 


ee 


~ 


When the command start latch is on it 
prevents the MPX-chanrel trom polling /? 
(selecting) any unit that is requesting 
service from the °MPX channel . This ~ 
includes the console subchannel. It does 
this by holding the FT3-bit MPX Share Reg 
line at a negative level. It also prevents 
the MPX stacking latch from turning on by 
holding the MPX Share Reg ae at a Eee 
tive-tevel. ; 


SERVICE-OUT: This latch activates the 
service-out tag ‘line. It is turned on when 
a microword specifies FA in the CS-field 
and CK = 1 or 9 (CK SAL bit-3). It is 
turned on alone when CK = 1. It is turned 
on with the bus-out control latch when 

CK = 9. 


The MPX channel microprogram turns on 
the service-out latch in response to either 
service-in or. status-in. Once the service 
out latcp turns on, it remains on until the 


inbound tag line (eitherpservice-in or 
status-in) falls. ! ’ 
-COMMAND-OUT:. This latch g~ctivates the 


| It is 
i 


Fae 


‘he 


4 


turned on by a microword that specifies FA 
in the CS-field and CK = 2, or 10. (CK SAL 
2 bit). WRen CK = 2, it is turned on 
alone. When CK= =10, it is turned on with 
the bus-out control latch. The command-out 
latch is turned on by the MPX channel 

mi croprogram in response to either address- 
in, service-in, or status-in. It turns off 
, i the initiating inbound tag-line falls. 


This latch controls the 


ADDRESS-OUT: 
It is turned on to 


address- out tag line. 
activate address-out. 


The address-out latch is tprned on by a 
microword that specifies FA in the CS field 
and CK = & or 12 (CK SAL bit 1). It may be 
turned on alone (CK = 4% or with the bus- 
out control latch (CK = 12). It is reset 
by. the microword that specifies FA in the 
cS field when the CK SAL 1 bit is off (0). 


BUS OUT CONTROL: This latch turns on when 
the microword CS- field specifies FA and the 
value of CK is 8, 9, 10, or 12 (CK SAL bit 
0). The bus- out control latch allows the 
contents of the R-register to enter the 
bus-out register . The bus-out register, 
in turn, conditions the standard interface 
bus-out lines. . ‘ 


The bus-out control latch is always 
turned on with a tag-out control latch 
(CK = 9, 10 or 12¥. It remains on until 
the associated tag-out latch turns off. 


The bus-out register latches remain on 
until the next time the bus-out control 
latch is turned on at which time any bus- 
out register latches that are not 
conditioned to turn on by the R-register 
contents turn off at Tl time. ¢ 


Once the R-register contents enter the 
bus-out register, the R-reg{ister is avwila- 
ble for other functions. 
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Activates Service 
Out” Tag, Line, in 
Response to Either. 


CK = -) oo 2 

: Turned*on Alone 

When CK = 1 Turns, © - 

on with Bus ~ Out “ Service - in or. 

_ CTRL Latch When Status - ins | 

CK = ; oe ee 
Activates Command 
Out Tag Line in 
Response to Either . 
‘Address-in, service~i 


* When CK 2, turns 
, On Alode,: When 
= 10 (A), Turns © a iy 
“on With’ Bus-Out 7) * | ‘tor® Status. ADE aus 
= sae ae _% Turns off when 
: a en | initiating Tag ° - Line 
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“CK SAL | Bit 
* When CK = = 4, yorns- 
ronalone., When Oe 
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CTRL Latch, 7 Oo 
Resets Witht(FAK), — Se 
Field When: . | ae 
CK SAL 1 Bit. is off,. Se 
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Activates Address 
Out Tag Line. 


“of SAL Bit O " Allows Contents of 
Turns on with Tag-Out R. Reg. to enter Bus-. 
“* CTR: sLatch (CK = “8, 9; Ut Reg. * 
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FB-REGISTER | 


4 


a The: FB-register is comprised of 1 polarity hola Latches 


(Figure 3-35). ‘ 


.® ‘The’ FB-register latches are urned | on or off by a microword. 
that epeGi ties FB as thie cS-field destination. : 


§ 


of latches. 3 “3 
The FB-register controls the Sperae vorai: 
out and suppress-out interface lines. It - 
also contains the I/O and external mas k 
lat ches associated with the current PSW and 


-. the XH and XL latches’ associated with 


40, 


Yd 


hold latches. 


rile canes storage. | ‘owt 


“ 


The FB-register is. a rer peiaviey 
These ‘latches turn on or. off 
when 4 microword specifies. FB as the cS . . 
field dest jnat ion. The eleven FB- Broeters 
latches are: aS | | 


1. -Multiplexor Annee: inee ete latch." 


.2. Operationah-out control latch - 


3.. Suppress-control latch Pd 


4, Multiplexor operation latch 


5. Multiplexor channel mask _ 
6. Selector channel rd mask : 
7..- Selector channel 2. mask — 
§. XXH-Iatch - 7 
XH-latch | . 
ans XL~lat¢h 


MPX CHANNEL INTERRUPT: This aGceh is 
turned by the MPX: channel ‘to, indicate 
jthe MPX interrupt buffer (1B) is full. | 
‘This méans that an I/O PRRES EOP is Penge 

ane , , ae Ss iy : 


that. 


The MPX channel interrupt. latch turns | on 
plate a microword CS field specifies FB and 


CK = "12 and parity bit on ,(CK SAL bits 0, 1- 
and parity). It, turns of f when'CS is FB, 
CKK= 12, and’ CK. parity bit is off. : 


 OPERATIONAL- OUT CONTROL LATCH: this. laven 


(FA051) cort.rols ‘the operational~ out inter- 


face ling -in conjunction with a §@ usec 
pinglecshee It is turned oh by a ‘microword 
that Whecifies FB in the CS field “when 

CK = 3, 1 (CK SAL bits 1, 3. and P). It is 
tinned off by a microword that specifies FB 
in: the cS-field when Ree SURETY bit: |! 
ote ie. . ieee 


? Ep i "4 
‘ 


the mieroprogram. to cause operational-out. 
to fall during a system reset, , recycle ee 
penet OF Pawers: on monet: on 
SUPPRESS CONTROL, LATCH: This. Latch: is = 
“unde®: mieroprogram control as one of. the. 
controls for the suppress-~ “out. line 
_tugned on by- fakes MPX channel to indicate : 
the channel is _ command . chaining. Or tor cause . 


a, selective reset. 


oo = 10, 


~for channel functions. 
*microprogram. — 
_CPU.has been stored and turned of.£- before 


to tell when to specify ‘channel errors and. 


“that océur when the M¥tch 1g, on. are charged 


as the CS-~field destindtion with CK = 6, 1 


when cs dest ination is FB and ‘CK= 6,0. 


" iultiplexor-channel niask, ‘select or- channel 
‘. /1 mask, : 
/ mask ee are’ conditioned’ to sete to' the 


F P 


“into four FB-register . tatches during PSW~ 


_microword that sets the PSW system mask. 
from the R-register into the FB+register . 


XH, “h,” AND. XXH AUXILIARY STORAGE ADDRESS 


~ LATCHES: These latches are uged by micro-.". _ 
‘program routines to address one of- the ce Po 
as ecg oe: areas. | | — | ra 


Tt is..'. 


as a microword ena ae FB, as 


~ 


is < 


e The CK- field selects a ppecttie EBPECGIS EEE latch or grOuP: : a oa 


The suppress-control latch is turned on 
by a microw&rd that specifies FB. in the. : 
CS-field when CK*=. 10, 1(CK SAL bits 0, 1 
and P). It is tured off by a microword 
that specifies FB in the CS-field when 
O (parity: bit off). 


rT 
" ‘ 
v 


MULTIPLEXOR OPERATION LATCH: This latch 
defines that portion of a MPX sharé-request 
cycle when the CPU registers, are being used. - 
It is cont rolied* by . 
It is turned on after the, 
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the CPU is’ Pestored>: |. 


The multiplexor-operation latch” ig, "use 
when to specify CPU errors. ~All errors. 
to the TET DIEXOE channel. 


‘The. miltiplexor-operation latch ‘is | 
turned on by a:microword that Specifies FB ° 


(CK SAL bits 1, 2°and. P). Tt is turned off - 


‘I/O: AND. “EXTERNAL- MASK LA’ CHES: The 


selector-channel 2 and external- 


2 , 
= 7 * 2 te. a 
P : . : 7 al 
.- < : : 
Ee : + ‘ 2 a = ? pe oe e 


connents f the current. pony system mask,. 


a 


- The PSW ‘system mask Bee. is: sees ccaee 


load. .Hére they provide active control | a 
I/O and- external interrupts. ~ Bits 0,°-1,- 
and 7 of .the R- register are used t.@ set ae 
mask latches,’ after the system mask has. - 
been ‘read into the R~ register, The tea 


specifies FB as. the cS field destination 
and CK. Je. F (cK SAL bits 2; 3and P). OA 


Ptepowora to reset these latches. epee rey ee 
FBR in. thé. eS~field with CK = 3, 0 
The 6 us sec ‘single-shot. is ‘agtivated. ae 


aD ES oF 
bit off). | rea . cae ‘ aS 


\. 


BF ag 


7 : : i : 
5 aes Cae 8 “4 , 9 
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a ae . 
ee The XXHe "XH and XL latches. are. ond 
as well . 
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el 
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tioned by the S- register’ contents, 
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CS-field destination when CK = 9, 1 (CK SAL When XXH, XH, 
bits 0, 3 and P). XXH turns on when the , 32 UCW's of MPX storage are selected. 


S~register-0 jJatch ig on. XH turns on when: 
the S-register-1 latch is on.’ XL turns on ae 
when the S-register-~2 latch ison. These 


and XL are all off, 


‘ 


the first 


The use of the XXH latch 1S ‘optional and 


latches are reset by a mi ¢roword. ‘with FB in is used for auxiliary storage adress ing on 
the CS-field, and CK = 9, 0 is selected. 


4 
- CK Field 4 Reason 
- ; U | Decode (CS = a Use 
as ck SALS- ° \ |. MPX Interrupt 
, \ 0,.1, P (on Buffer (1B is Full.) 
Interrupt (Os 1, P om \ ' (lO Int. Pending) . 
Operational | CK SALS \ Controls OP~Out. 
Out Control , 1,3,P (OFF) . Interface Line With 
Latch ——-1,3,P tor) 6 usec S.S. 
Suppress "| CK SALS | *, Controls On State 
Control be Og oe P (on) | of Suppress = Out, P 
Latch On. 2,/P (OF) | Indicates Channel is 
chaining commands or 
| to | cause selective Reset. 
Multiplexor _ CK SALS I " Defines whitn to 
Operatian ole 2,P fon) Specify Channel ‘Errors 
Latch > 34 2,P tOFt) and when to specify CPU Errors. 


| 
| (On ~- Channel Errors, Off = ‘ 
| CPU Errors) - 
oe = kee ged he ne 
| 
| 
| 
| 
| 
| 


aes Seat pS ita Sd: cant Se 


_{l-O and Peteinal », ER SALS ‘ Provides Active 
Mask Latches) : 2,3,P (on) Control of |. O and 
7 . - 2,3,P.(on) i Interrupts. 
MPX . | ie Bits 0, 1, 2, and 7 of 
SX] | e Ne ae are used to 
SX2 Set the Mask Latches, 
External , ; 


K SALS - S Register 0 on 


XXH Latch ae 
sus 07-3, P ton) (optional) used when addressing 
0,3,P :or)} | © more thon 96 UCW's 
aS A eg ee ee eee 
XH Latch CK SALS S Register 1 on | 
0, 3,P (on) Used to Address ? 
¢. 0,3," (OFF) | One of 7 MRX { Stor 4 Areas 
i 


XL sien _ CK SALS ’ S Sihegisrer 2 on, 
' 0,3,P ton) - Used to Addreg Ope 
0,3,P (Off *” of 7 MPX Stor. Areas 
| 


oe ‘ edtedlena Sine Sahu pe SS ey Mee eet re SN ON ae ie oe Pinte See es cas 


ee XXH, XH, & XL are all off, the first 32 UCW's 
are addressed, 


* 


Figure 3-5. FB Register 
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Systems that require more thdn 96 UCW's. 
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POLL CONTROL 


: : rare a 
e The initial-selection sequence uses the commandstart and 
start-select-out latches to control select-out. 


e Automatic response to Request In uses the Select Out Request 


and Select Out Interlock latches. 


€ 


The multiplexor channel automatically polls 
the multiplexor channel interface in 
response to request-in, if both the 
command-start and select-out interlock 
latches are off. Select-out is sent over 
the interface to the unit that sent 
request-in. When this unit receives 
select-out, it sends back address-in and 
opera tonal itn: 7 | ; ¢ 


ADR-I and OP-I turn on the select-out- 
interlock latch, which then’ resets the 
select-rgquest latch, and select-out is 
dropped. Another request-in will not be - 
detected until select-~out-interlock is <¢ 
reset. Select-out interlock is reset when 
the control unit that has captured the 

interface drops ‘operational-in. 
Request-in can now be responded to, as 
long as command-start is off. 


The initial selection sequence brings up 
Select-Out as follows: When the 
microprogram. has arrived at the point in an 
I/O instruction where it needs the inter- 
face, it captures the polling circuits by 
corning on the command- start latch. 


Turning on the command-start latch pre- 
vents a request-in signal from turning on 
the sélect- request latch, and also prevents 
the multiplexor share-request signal from 
being generated. 


OPERATIONAL INTERLOCK — \ 


e Synchronizes Op-I signal to CPU timing.: 


‘© «=. Reset every T1 time. 


¢ 


stacking latch. 


The start-~select-out latch generates the 
Sel-0 signal during initial selection. 


This latch is turned on when both Adr-0 and. 


Bus-0 are generated. When the address-out 
and bus-control latches turn on, their 
outputs are ANDed to turn on the start- 
select-out latch. 


ww This latch has three resets. Adr-I will 
Ggmet the latch. Also, if Adr-O is down, 
the Sel-I or-status-reset signal will reset 
it;\Sstatus reset is a combination of STA-I 
not CMD-O and not SRV-O, or Recycle reset. 


Circuit timing prevents a conflict 
between request-in and the turn on of 
command-start. If request-in comes up. 
during the micro step before the word that 
turns on command-start, a forced ROS branch 
prevents execution of the microword that 
turns on command-start until after the 
share-request operation. 


If Req-I rises during the micro step. 
that’ turns on the command-start latch, the 
command-start latch is allowed to turn on. 
The latch clamps off the Req-I signal 
before’ it can turn on the select-out 
request latch or set the MPX share-request 
Req-I will not be menered 
until command-start is even? off. 


a Ss ¥, 


e Used in development of SVI and STI direct branch a ae for 


the status. bus n 


The Spevationsi-interiock: latch is turned 
on at T2 time if the Op-I interface line is 
“up. It is reset every Tl time. Its output 
is used to force up SVI and STI direct- 
branch signals when Op-I is down. Refer to 


Direct Branch Signals for development of 
eee STI signals. 
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FT- BUS ; 
: E é / 
° Eight selected signals which can be gated to the A-bus. 
° There is no parity bit. 
e The MPX channel uses 5 of the bus i 
The’FT-bus is made of eight selected i FT~-1 Hold-in latch (direct data | 
Signals put together to form a byte of | ‘ channel) 
information, with no parity, which can be Pas? Mul i plexok2ope ratio latch 
gated onto the A-bus for testing by the MPx FT-3 Mul} -plexor-share-request signal 
Channel microprogram . Two micro steps are (provided command start is off). 
needed to test signals on the FT-bus. The FT -4 Initial-program-load latch (CPU). .- id 
first step masks the FI-bus for the signal FT 5 Select-in interface signal | . 
to be tested. The second step branches on FT-6 Select-out (for diagnostic use) 
the results of the first BEEP: ox FT-7 . Multiplexor channel interrupt 
| aie = ‘latch 


Five of the eight FT-bus signals come 
from the MPX channel circuits. The eight 
Signals which make up the FT-bus are: The multiplexor anave request signal is 
a combination of request+in and not command 


FT-0 Suppress-out (diagnostic use only) Start. 


f . ; . _t 


a aes apa age ees Ss es Corner ae 


e Direct branching is done na eee Signals where 
PES? is a factor. BS 


e Two of the signals “SVI Sua STI, are developed by the channel 
to provide the high- Seo: data loop, with a ge speed eS a 
and ees . . . 

iz a ; 7 Sag , an 


-Five signals from the MPX channél are’sent- STI svf 
to the CPU status bus for direct. branch . 1 1 Opin is down. 
control of microprogramming.. These signals 0 1 Service-in and Op-in are up (No 
are sent to the status bus rather than the “J SRV-O or CMD~O) 
FT-bus because ‘direct branching is faster. 1 0 Status-in and Op-in- are up (No 
: | 4-2 SRV-O or CMD~O) .- 
The signal names are: ei ! 0 0 None of the above, usually Op-in 
, up and neither service-in or |. . 
OPI (operational~in interface signal) os status-in are up. 
-AI (address~+in interface signal) - * 
SVI (service-in signal) 
STI (status-in signal) : The INT signal is brought up by the MPX 
INT (anterrupt signal) _ chahnel if the multiplexor channel inter- 
_  rupt latch is on and the multiplexor-mask 
SVI and STI, ,are signals developed by MPX latch if off. This signals the CPU that a 
channel circuits for use by the high-speed- multipléxor channel 1/70 pPREEEIUDE:, should be 
data loop. taken. 


The status-in (STI), service-in (SVI) 
branch indicates these conditions: 


, ae - | =f - Section 3° 3-13 


FI-BUS | 
e FI in a microword is the designation for bus-in,. 
io i 
FWX~REGISTER (ROBAR) ; 7 if ht 


die e Stores the contents of the wx-kegidter register (ROAR) dur~ 
ing MPX share cycles. ‘ : 


e FW is a six-position register, parity and 3 through 7. | 
oe v mr cet 


Bw 


e *SEX is a nine-position register, parity -and 0 through 7. 
bi ; ” % ae 


ae yg a 
The FWX-regi8ters store the contents of the Share Pulse. This pulse occurs when an I/O 
WX- registers epee a CPU microprogram aS ‘" unit requests service on the MPX channel 
interrupted by thesmultiplexor channel} ‘and no higher priority for ROS control 
This.is when the channel is operating in exists. 
data interleave mode and.an I7O unit ° |i 
requires service. The chahnel is in ddta- 
mode when it is operating con rrentlyjwith | The* last microword of the MPX channel 
the CPU PEOTEST $F a; time-shared oy | ‘routine must gate the FWX-register contents 
yc _ into the WxX-registers so the CPU program. 
“The contents of the WX - vegretors a p - can cont inue: from the point it was discon- 
gated into the FWX- Seas eee by the MH - tinued. 
\ i 
| . ; ‘ 
oe | ‘ a eee Se i . . 7 ~. : : 
fe. ! oe | ae 
poe | 7 _f “4 
~ » 4 LOAD LATCH a) See r 
— e@ Turned on By load key. oe te 


—_ fe, 
e ‘Forces trap to IPL microprogram! when a oleae of higher pfior- 
ity does not exist. 


e Turned off by C -> LOAD microstatement anen I/O phase of TPL. 
is epnprceed without errors. | are | \ 


e Turns on load Lanip on, console to indicate IPL. | 


ca 


o. Holds suppress~ out on for the duration of its state. 


’ 
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the dead dake turks ‘on. aa causes a load When the 1/0 portion of the IPL micro- 
» request to be-sent to the priority stacking program has been completed with no errors, 

** latches when -the console load key is the 2030 executes a micro step containing 

- released. Two ‘latches; . ghich: eliminate — CC -> LOAD in the CK field. This causes the 
Switch noise, control the#turn on of the load latch to turn off. The IPL is now 
bead: latch. ~ Se Tes | complete except for loading the IPL-PSw 

mee a : from main storage address 0000 into the si, Me 
rf | current PSW, which sets up the initial 
Because the load key: also causes a sys- machine conditions and branches the macro- - 

tem reset, the load request’ is not honored peogEat to the first instruction. 
until after the system-reset request:has © | i 


been nonores. and a ayeven reset executed. ; 
The IPL latch has an indicator on the 


| console which indicates if the IPL I/70 . 
Then the load request is honored, anda poera esos has been successfully completed r 
trap to the IPL mi Croprogran is taken. Or not. 
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zero, 
unit -address, 


. U-register). 
- the contents of the general purpose 


. program interrupt if the bit is‘on ; 
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START 1/02 /0-COMMANDS) 


¢ 


oe ee 7 ‘ e 


° The IBM 2030 issues all operating: commands to its channels 
and Ivo units with | a Start I/O instruction. 


Start I/O instruction. 


« 


The start’ I/O instruction is an SI-format 
instruction. The four- B-field of the 
Start I/O instruction contains the high- 
order address of a general purpose register 
(LOCAL STORAGE). The D-field of the © 
instruction contains a displacement. When 
the B-field of the start I/O instruction is 
the D- field enters the U- and V- 
registers as the channel address and the 
respectively. (four high- 
Order bits enter the low order of the 

When the B-field is not zero, 


register, referenced, by the B- field, adds 
to the contents of the D-field. ‘The result 
appears in the D-ffeld and enters the U-and 
V-registers as the channel and unit>:.” 
addresses, respectively. 


When the CPU recognizes an instruction 
as an I/O instruction, it branches the 
microprogram to the I/O routine. (QC001) 
This routine reads the Channel Address. 
word. (CAW) and checks the problem - state 
bit in the current PSW. It initiates a 
I/0 
instructions are privileged instructions 
and may be*‘issued in the SEPT YS OrY State 
only. . ; 


When the start I/O instruction is not 
being executed as the result of an execute 
instruction, the microprogram stores the 
contents of the IJ-registers in two K- 
addressable: byte locations in local 
storage. These are .K17(A9) and K18(AA). 

The microprogram turns on the PSW bit, bit 
1 of K4(8C), to indicate that the instruc- 
tion counter 1g stored in local storage and 
not in the IJ~ registers. : 


If start wo is being executed as a 
result Of an execute instruction, the IJ- 
registers are already stored in,;local 
Sstorage*and os perefore 2 not stored by the. 
microprogram. si 

ee 

Whether or not™ the 11/0 instruction is 
being executed | as.ajxeSult of an execute 
5 ae the microprogram reads out the 

AW. “Ee te 


A ¥ 2 
ar 


Gn. start as instructions the entire CAW 
reads out: — 


- 


b t,. ; at .. a 


p07 


which is in the V-register. 


‘e . The channel ana 1/0 unit addresses are designated by the 


Es ‘The ccw address enters the IJ reg- 
_ isters. 


2. The microprogram checks tHe CCW address 
to insure that it: is on the correct 
¢ boundary (multiple of 8),,and that the 
high order is zero. 


3. The: microprogram places the memory 
protect tag in the high order of the 
U~register if the memory- protect fea- 
ture is present in the cPU. 


4. The mi croprogram checks the first CAW 
byte to insure that it: is zero if 
memory-protect is not installed in the 
CPU or that the four low-order bits are 
zero if memory- protect is ane tailed in 
the CPU. ¢ = Aste 


THEORY OF OPERATION ° 


When this is Sccompitened: the micropro- : 


gram initiates a progrem SOEERE URE if any 
errors occurred. 


”.. 


Assume that no errors have occurred, the: 


microprogram resets the multiplexor channel 
XH, XH, and XL latches and branches to the 
Start I/O routine associated with the chan- 
nel addressed by the start I/0 ‘instruction, 
in this case, the multiplexor channel start 
I/O routine Smee Lys : 


The pices channel start 1/0 rou- 
tine reads out the CCW under microprogram 
program control. It checks the command 
byte for a Transfer-In- -Channel (TIC) com- 
mand before reading the rest of the CCW. 
After determining that the data address of 
the CCW.is valid, the count is not zero, 
and the three low-order bits of the flag 
byte are zero. The microprogram sets the 
PSW condition code to zero loads the UCW 
associated with the unit address with the 
required information and selects the I/0~__ 
unit. 


The UCW address is determined by the 
address of the I/Q control unit ‘and device 
If bit zero of 
the V-register is on, it indicates that the 
control unit to be selected controls multi-~ 
ple I/O devices. Multiple-unit control 
units operate with one device at a time and 
always use one of the first 8 UCW locations 
for a subchannel. 


~ 


Section 3 3-15 


, F | “ - aa ie 
Because the Base IBM 2030 has 32 UCW's, out latch and bus-out one coAces: This . | 
‘the unit | ‘address. checked to detérmine resets address-in at the dbntrol-unit. — ‘ . 
that it does not Naveen a value of 31. If. When address- in falls, the channel 4 @ 
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‘ / or CCW Flag Operations -for skip.) : 


eo4 - Assume that skip is not specified by the 
: uCcW flag. The microprogram determines if. 
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this. information . into the core-storage | 
‘position referenced by the UCW data | 
address, and activates .service-out. If the 
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ws microprogram turns on-the service-out and - | 
*. . bus-out. latches.» The bus-out latch loads. \e 
“the bus- -out register with the R-register — 
information. Thus, a byte has been trans<- 
ferred between “ne CPU and the I/0 unit. 
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consists of either sending or receiving The mult iplexor microprogram tests the | | 
information as’ specified by the UCW Op ~ FT bus for the rise of request-in before % 
_ byte, and updating the count and data. ° returning the CPU to the éxecution of. the re 
addresses which are in the LD and UV- Original microprogram . If the micropro- 
registers, respectively. gram determines that request-in is active 
e | | | 4 _ during the test for request-in, select-out 
An I/O control unit may keep its and hold-out are activated if command~start 
operational-in line active for one byte, is off and the microprogram tests for the : 
several bytes, or flor the entire record rise of address~-in. When address-in HN 
specified by the UCW count. If o . becomes active, the microprogram reads out) 
Operational-in remains active, service: the UCW associated with the I/O unit that 
cycles must occur at\a specified rate, or ‘is sending the request-in signal and exe- 
e an interface check will occur after a time- cutes the data loop. In this case, the 
out sequence. | mMicroprogram did not have to store the , 
; CPU-registers in local storage, because . 
To follow this description, assume the this. information was already in local stor- 
I/O unit has requested ‘service several | a age from the previous, request-in. 
times and now deactivatep its operational- 
in line. When operational-in falls, it | ia | ; ‘A . 
| forces both the service-in and status~-in When a microprogram determines, that it © 
, branching conditions. (not interface has honored all outstanding request~-in and 


Signals). This signals the microprogram to service-in signals on the multiplexor chan- 
update the unit control word in MPX storage nel, it turns off the H-register~6 latch 


with the updated count and data- address and gates the back-up read- only &ddress 

from the LD- and UV-registers, : register (ROBAR; FwWx-register) inte the 

respectively. It also sets the Q- régister ROAR. This allows the 2030 to return to 

with the original storage-protect key. the execution of the microprogram that was 
When this is accomplished, command-start . discontinued by the multiplexor | share- 

turns off to allow further share-requests — request. | ae ! 

before the microprogram restores the CPU . S : ? 


registers to their Original value. 
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ue To ‘return the CPU to its original micropro- before the execution of the mint ipigior ROS 
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: gGzxam after a multiplexor ROS trap, the - trap. Remember that al®hough this ROS word 
: | multiplexor ROS trap has, as its last. was addressed, its execution was prevented. 
oe instruction, an inst nuction. to: transfer the because the CD- registers did not set. 
| - contents of the FWX register. to the WX —_ During. this same CPU cycle, the CD- 
‘register. The last multiplexor trap ROS — registers for the last ROS word of the 
word also turns off HE. | ae he maltiplexor.. ROS trap are set, thereby a 
oe | executing the pe erodes instruction. 
» ; :° a z 
During T3 time of the. ROS word that _ | eee 4 ee . ‘ 
' specifies WX=FWX, the SALS become effec— . At T4 time of this cycle, the ROAR res- 
: tive. The SAL outputs allow the FWX reg-  —=s tore buffer latch turns on. This latch 
Se ~1ster eontents to condition the. W~and Pca gates the xX-6 and X-7 buffer latches : 
_ buses. =. _ (holding branch condition)? onto the X-bus 6° 
bee, aligns me #8 a: ‘ . :° and 7 lines. The execut ing of the Srigiiel 
' et microprogram is now at the point at which 
° At. T1 time of, the next CPU égeié; the © the mutt eye xOEnen ere Seaucee discontinued 


_ W-and X-bus conditions set into their ‘ ,it, | , 7 is 
-reSpective registers. This addresses the i 92 ar ; ~~ ; sae 
last original program ROS word addressed,: a 5 gat : 
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ENDING PROCEDURE’ an | a ne § 


* A control unit- may present. three type of ending status: | oe 
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ae | & 


-1.Channel-end; data-trah fer complete. 
4 [X 
4. 


35 control unit-end; control unit was, bus y | but. is now free. 


as aa sad a ' CCW-executton is complete. 


e When a channel receives eaaans soe it. ia obtain a new” 7. 
CCW or cause an interrupt. a 
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e To cause an interrupt, the channel pues the unit address and ‘ 
status in the interrupt buffer and turns on the interrupt a 
: ‘latch. | a8 | : a » | 
| ‘ . ‘ : oi. j 7 ; 
3 ° If the interrupt buffer is full, the channel queues (stacks) 
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the status | if -not. command chaining. 


a ‘ iG. = 
e The sisted always aueue? “device-end status when not command — 
“Chaining. 

e See ee Page Be ee | = as 
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An i/o eoherol unit signals the’ channel | FD Immediately following a aa ycle. 
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when it has poe the data transfer vA (This is the case for devices .that hold 
portion of-a CCW command. It also Signals — operational-in ‘up until an entire 
the channel | when the selected I/0 device record is transmitted. ) 
has fully executed the Ccw command. These 3. By raising request in and raising 
two Signals are channel-end (bus-in bit 4) < status- ~in after address-~in falls. 
and device- -end | (bus- -in bit 5). Channel~end | 
and device-end are status conditions ‘and: Ending ; status. may appear alone ina Status 
.° are, therefare, identified ag such by the : byte or it may be accompanied by some other 
Status- in tag line. ~ * - ©  .“ status such as unit-check status or status- 
- . oe ee modifier status. . : 
channel: -and and dévice- end Status may 
“occur in the.same status byte- or in Ssepar~ ~ .| When the canal receives ending. status, ne 
“ate Status bytes. This, depends. on the Ccw. it may either request the CPU to interrupt ‘‘?. 
command and the’ I/0 unit involved. - the current instruction sequence and store > 
« | the required information in the Channel 
Besides these two types of ehaine sta- - Status Word (CSW) pr it may obtain a new 
. tus, a control unit may also present con- ccW and start its execution. This depends 
trol unit-end status. It.does this when it’. on the.UCW flag bits, and the type of 
becomes free after it has been busy to a ~- status the channel receives. For example, 
-new command, or when it finds unusual sta- when a -UCW op-and- flag byte contains the 
tus after presenting its previous status,. , , command Chaining bit, the UCW status is 
a status- ~next or zero, and status-in.is not 
2h control unit may present ending status unit-check, unit-exception, control unit- 


three different Nays: . - end, or busy Status, the channel obtains a 
, | new CCW. This is explained in CCW Flag 
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Figure 3-8. 
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To follow ‘this Gsecriceion: assume the 
channel receives request-in. The control 


unit presents’ Status-in in res ponse to 


command-out with no bits on bus-out 
(proceed). When the channel receives: 

it stores the CPU-registers in 
local storage, polls (selects) the unit, 
and loads. the units UCW into the CPU reg- 
isters. The control unit now presents 
status- in. 


\ a? 


then. the multiplexor microprogram retog- 
ise of statuS-in, it tests the 


These conditions are -set 


é 


-multiplexor share cycle in which the count 
reduces to zero., 


Assume both G3 and G6 are 
on. The microprogram reads out the UCW 
status byte and begins to assemble a new 
The micro- 
program next reads out the UCW Op-ang- flag 


byte and turns on S2 if the UCW is active, | 


The microprogram now reads out the unit 
address from local storage. K8 (hex 98) and 
places it in the U-register. The micropro- 
gram now tests the FT~bus to determine if. 
the multiplexor channel interrupt latch is 
On (IB full).: If the IB is full, the 
microprogram activates command out. If the 
IB is full and the UCW i&é active the chan- 
nel4hust determine if the IB contains the 


channel-end status of the device now pre- 


senting status. If this condition does o 
exist the channel microprogram turns S6 On. 
S6 on indicates device end type of status. 


When Op~in falls in response to command- 
out, the channel microprogram updates the 
UCW and restores :the CPU registers: If S6 
is on when Op-in:> falls the channel does not 
update the UCW. When a control unit 
receives command- out, it queues (holds the 
Status in its status register) and deacti- 
vates operational-in. - a 


Assume the IB is not full. ' 
the microprogram places the unit's address 
in the IB (KO). when this is accomplished, 
the =: rOprogr as branches on S2 on (UCW 
active). If the UCW is active, it means 


+that the status now being presented is the 


first status received from the I/O unit for 
the “command sequence it is presently exe- 
cuting. In this case the microprogram 
places the status in the IB (K3) and acti-~ 
vates service out. 
falls, 
using the. contents of the V-register for 
the UCW status hyte. 


. When S2 is off (UCWamot active), it 
means that the unit A$ presenting status a 
second time,. normall'y device-end status. 

In this case.the mictoprogram sets the 18 
tatus (K3) to 0 and, having tt ened “on the 
IB-fFull latch, activates Ad out. This 

Stacks the status at the cont rol unit. 

This is necessary to prevent multiple data 

path control units that are connected to 

two channels from starting an operation on 


a second channel while the control. unit has 


an interrupt waiting in the multiplexor. 
channel. When Operational-in falls, as a 
result of command out, the microprogras* 
restores the CPU registers to their origi- 
nal state. Remember that if a UCW is not 
active when the channel receives status-in, 


_the same I/O unit has presented status one 


time previously; therefore the UCW was 


updated as a result of the previous status-- 


in and does not have to be updated a second 
time. 


The last microword of the mult iplexor 


_ trap contains an instruction that turns off 


the H-register-6 (H6) latch and allows the 
read-only back-up address-register contents 
to enter the read-only address register. 
This branches the microprogram to the point 
it was discontinued by the’ request-in. 
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23% Store. information in the CSW. 


3. Lodd: the 1/6 new ‘RSW from main storage 


The CPU cannot ‘honor an interrupt-request 


interrupt exists seater cut latch on)’. ae 


foutine. has the itfStruction. Test’ thterrupt 
With: both x6 and ne branch indicators set . 
tol. t 
/ mine the source of the BNE RHEE 


Oe Tas cect: or, timer interrupts prevent 


3. Selector erannel: 2 interrupt prevents 


4, Mult iplexor channel allows both X6. and 


interrupt.- 
the unit address from local: storage, places 
it in the L-register, 
regis ter-to the address of the. multiplexor, 
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oa? An 1/0, interrupt . causes: the CPU ‘to: 
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ee be * Discontinue’ the evecutlen of the 


‘program being executed under control of 
the eg 


. location 120. (hex 78.)- into the current 
“PSW PORSEROR | po . 


v 


ue Execute the new wo PSW program. 
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until“it- has completed the execution 6f the 
current instruction. Also, the ‘current PSW - 
System-mask bit that corres onds to the | 
¢hannel requesting. the int ryupt, mast be’ + 
ee oe . ee me a 
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° The Psw store microprogram stores ‘the current PSW in the 1/0, 


old vores | 
re. c é ‘ - : 3 ; ¢ 
_The last E-cycle R6S word of eaeh: 

‘instruction branches the mi croprogram to 


the’ interrupt microprogram routine if an 
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“. The first ROS ward of the, on eccupe 


This instruét iogsis a'test to deter-_ 


“beth. the X6 and x7 branches: (x6 = 0, 
2x7 =O) 0 6, Fix 
peyneter channel 1 interrupt prevents 
dhe’ KT ‘branch (X6 ae XT: ee ; “- 
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the X6 branch’ (X6, 0, AT = 1). 
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XT branches (x6 = 1, x7 = td. 


Assume there is a mult iplexor channel: 
1e @icroprogram snow reads out. 


and sets the U- 
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chanfilel.: After the SW latch is turned on 
to ind§cate an I/0 interrupt, the A 
microprogram. stores‘ the current PSW in the - 
I¥O ald PSW location nets storage location, | 
address 38).’ | -_ 
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a eapage location 64). with the required oe 


contents of .the:' I/O new PSW. 
_ time, the proggam must load the I/O old PSw- 


an The interdipt code . 
‘stored in the‘I/0° old: 
-an I/O interrupt, the 
‘Yrupt, are stored as the interrupt code.’ 
- The’ mi croprogram next reads‘out the __ 
. Storagezprotect. key and system mask and 


‘in ‘the. 170. ole PSW. 


“tion-code (CC), 


‘Therefore, . 


. which contains the op. code of the a 


Pesacieles assembles the program mask, 


-initto one byte and stores this byte ih the. 
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: “iwhen the CPU ‘ha completed the execute 
, ‘phase of the current instruction, the CPU 
“interrupt cirtuits honor the multiplexor 
channel interrupt. Th <interrupt micropro- 
gram stores the current RSW in the I/0° old 
PSW location. (main-storag@ positi 36), 
» loads the channel status wox¥d (ESW,: ma in- 


information, and loads the 1/0. new PSW into 
local, storage: and CPU registere. as the . 
current PSW.. After this is accomplished, 
the,CPU returns "to I-cycles and starts the 
execution of the.program controlled by the. 
‘At some later 
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The Instruct ion Length’ Code (ILC) Bendis 
and” program mask are not . 
contained in one byte in the current PSW. 
the, microprogram must determine | 
what the ILC is by testing the two high- 
order bits (0-an@.1) of the G-register 
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executed instruction. | The microprogram. 
also decodes the four- position. condition 
register (local storage K27) into two bits. 
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Condition code, and instruction length code 


I/O old PSW. The current PSW is. now fully 
stored in the I/O old .PSW location. The 
microprogram now stores the required infor- 
mation in the CSW, ‘located at mdin-storage — 
igcation 64 nex uO). A ate 
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Figure 3-10. 
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CSW STORE 


’ 


cycle. 
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@ The CSW store mi créprogram is part of the test I/0 execute 


° The G-3 latch being on faeneirids this routine as a part of 


an interrupt routine. 
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The ‘first microprogram word of this routine 


turns on the G-register 3 and 7 latches. 
The G-register~7 latch makes the I/O inter- 
rupt appear as a test I/O instruction. The. 
microprogram determines the difference 
between a true test I/O instruction and a 
IT/0 interrupt by branching on‘the G3 latch 
which is-on for aHECErUptES: . 


The first objective of this routine is 


_to determine if the UCW associated with the 


unit requesting>the interrupt is active:- 
The micropragram determines the address of 
the units UCW by testing the V-register 
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ee 5 al Spe aoe i Ya a 


- From PSW Store 
Routine. 


Set G-Register to: 
00010001. (G3 and G7 
ON). 


: i. : Determine Units UCW 
reo eens | Ad 


dress, 
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~FASKO, | ' ee T_ 
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; : t. Turn On Commana Start 
- ‘ tatch, 


‘ [ Read Out Units Status 
| From Interrupt Buffer 

| (K3 CPU) Into D~ 
| _ Register. 


| Reset Command S.crt. ! 
t eae eo ee — — a 


[ Acwnble CSW Channet 7 
Stotul tas In the U- 
Re 


Put ucw Next ccw | 
Address Into CSW Next 
CCW Location, | 


Os ier 


. Put UCW Count Into | 
CSW Residual Count | 
Location, a 


aig taiteg cena 


CSW Store; UCW Active a 
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which contains the unit address.. After 


setting the T-register and the XXH, XH, and 


XL latches, the microprogram reads out the 
units UCW op-and-flag byte and teSts’it for 
the active: bit On. If the UCW active bit 
is on, the unit's first status is in the 
interrupt buffer. In all probability, a 
status will be chanrfel-end status eithe 
atone or with other status. 


If the UCW active bit is off, the unit 
In all 
this status will be device-end 


either alone Or with other status. 


has presented status a second. time. 
probability, 
status, 


Put High Order Four 
Bits of Q-Register Into 
CSW Protect Tag 


Location. 


| Pet U-Register Contents 
Into CSW Channe |: 2 


| Status Location. 
en fe 


Put D- Rel ister Caticae | 
Into CSW Unit Status 


i Location. : : This Sets UCW Not d 
a: ACTIVES 
Set UCW Op-and- fics | . Se eee 
Byte to Zero. nore 4f -FB-K12.0 Bien 
Fe aoe tie cee eve . sities, “ish aariaeen : ; ee a. , | 
Reset iMailbiplexct aL dal i 


Interrupt Latch. : 
[tea a. a a edt oe ds 


f Load New PSW =e 
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\ Return to I-Cycles. 
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UCW ACTIVE = - 
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e When the UCW is active, the CSW store mi croprogram: 


1. Assembles a CSW shannel= status byte. +8 
2. Dbdads the caw’ location, with the required information. ». 


“~ 


3. Resets the multi plexor- interrupt. latch. f Se 
° .The unit status is obtained fromthe interrupt -buffer. 
° ‘Figure 3 -10° ‘shows the CSW store “routine when the UCW is 


active. ‘ * 7 Oe , 
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roe Chain Data Kadiess (CDA) Count Zero ( 1050 Only) 


Chain Command (CC) 5, a Channe| Control! Check 


% 


se 
ie 


f 
+ 


= 
: 
i c 
i 
i : je : £4 
f 
3 5 e 
J * ? 

* 2 
é 


oc 


The ae ON 
SuppresstLength Indication (Stl) Interface Control . ie, 2, 
& £: x 3 4 mn, mn 
60 - Handling Data; ; Expect data a 
Ol - Device Told to Stop; Expect Status SRS 


10 - Intefrupt Stacked 


re mm 


Program Controlled Interrupt (PCI) Bit Not Named: 
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Figure 3-11. UCW Status =. 3 - x | = eS ee 
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bs r) 7 ‘a e Jee - f 
When the interrupt microprogram determines . 2.- The residual count ‘positions set to the : 
that the UCW is active, it reads out the _. value of the UCW'count. 
‘unit status from the interrupt buffer | | 
(local storage. K3) and puts it in the D- | 
register. The microprogram next assembles 3. seen protect - baa position sets to 
the CSW ¢hannel status byte in the U- the contents of the Q- register. 
register. ” It-.does this by combining parts . 
of the OCW ‘opra and-flag arid channel-status : = , 
bytes. : Figur 3-11 shows the for of the 4. The channel-status position sets to the 
UCW: op-and- ‘Flag byte, and the UCW channel contents of the U-register. 


status byte. ds , o 8 
53. The unit-status position sets-to the 
‘The CSW store routine néw loads the csw " contents of the D-register.‘ 


logation with its opine 9 information: 


When this is accomplished, the microprogram 
1. The high order of bo CCW address sets the UCW op-and-flag byte to zero, 


is set to zero andthe “two low-order turns off the multiplexor-interrupt latch, 
bytes set withthe U next CCW ‘and proceeds to load the I/O new PSW into, 
address. | . the current PSW. | 
wi 
’ Po | 4 
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UCW NOT ACTIVE 


e An I/O units UCW is not ’active when the I/0 unit 


second interrupt for a CCW. 


pe 
if. 


7. ; : a 
{ 


initiates a 


° The multiplexor channel executes a test .I/O0 sequence with 


e ‘The CSW store routine déts the entire CSW to zero 
stores the unit's status in the unit status position of * 


CSW. 


unit initiates two inter- 

. sahil, kl of a CCW, the™ 

fe active For the second 
interrupt., This is because thé UCW op-and- 
flag byte is set to zero during the first 
interrupt. AR example, suppose a control 
unit initia “an interrupt by presenting 
channel-end status alone. When the cpu! 


When a contr 


-executes this.interrupt, it Sets the UgGW to 


inactive. Therefore, when tHe cPuU ex@@utes 
an interrupt ipitiated by device-end status 
from the control unit, the. UCW is inactive. 


Because the multiplexor channel ‘always 
Stacks the status from a control unit whose 
UCW is not active and because it does not 
store the units status in the interrupt ¢~» 
buffer, the CSW-store routine selects the 


_ unit to obtain its status. OQ 


Figure 3-12 shows the general sequence 
of events ‘for the CSW store routine when 
the UCW is not active. . : . 


After the microprogram captures polling 


“Sn the multiplexor channel by turning on 


the.command-start latch,,it reads out the 
address.of the unit that requested the 
interrupt~from the interrupt buffer. The- 
micraprogrdfi puts the address on bus-out - 
anda ee Address~-out 
activates select-oit... The I/O unit decodes 


the address on bus-outand activates 


operational-in. 
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the I/O unit to obtain,the units status. 


% ost 
and then ; 
he, | 


>» 


The multiplexor channel’ and the I/O unit 


continue the initial selection sequence 


with the channel issuing a*command-out that 
is zero. The control unit decodes this as | 
a test I/Q. an : 
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When the channel receives status-in 
during this initial selection sequence, the 
CSW store routine puts the status in the 


D-register and activates the multiplexor — 
channel,service-out line. | aa Joe 


et 


When the CSW store routine determines 
that the IvO control unit has disconnected 
from the channel by deactivating | 
operational-in, it, allows the channet to 
resume polling. ~* a 
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After setting the IJ-register to the © 
address of the CSW, the cSW store routine 


‘sets the R-register to zere and stores the 


R-register at every position in the CSw. 
This sets the entire CSW to /zero. 


The CSW store routine addresses the unit 
Status position of th@ CSW a second time 
and stores the contents of the D-register 
(unit status) in this position. This com- 
pletes the CSW store portion of the I/0 
interrupt execution. 
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Set IJ ~ Register ‘to CSW 
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From the D-Register.-. 
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NEW PSW LOAD | 
ee cree : ; 


7 


2 s ~ 


e The. ‘Tyo new PSW loads into the currént PSW local storage 


locations. 


e 
At the same time the I/O new PSW loads into 
local storage certain. latches associated 
with the PSW turn on. 


MF 


The mask latches turn on when the 


Ls 
System mask reads out of the I/O new 
PSW and into local storage (K24). 

2. The malfunction-suppress latch turns om 
if the machine~ check mask-bit is 0 
(off). 

3. The ASCII latch turns on if ASCII is - 
designated. by the I/O new PSwW. 

y. The Q-register sets with the. informa- 
tion,in the PSW protect key area. 

CCW _FLAG OPERATIONS: _ ; 


vay 


e Five CCW flags mod#fy the CCW operation. 


« 
- + 


The CCW contains five flag bits. . These’ 
bits and their locations in the cq are: 


1 bit 32-cD ; chain data address. 

2. bit 33-CC; chain command. : 
3. bit 34--SLI; suppress. cone indica 

- tion. : 

. 4. bit 35-SKIP; skip data. ‘ 
5. , bit 36-PCI; program cont rol interrupt. 


With the exception of the CC-bit and SLI 
independently of each other. The C-bit © 
and SLI bit do not take Sees if the CD 
wbit is on... 

‘ . The time, in relation to the CCW execu- . 
tion, that a flag bit takes effect varies 
as follows: | | - 


B 


1. The CD ~bit takec effect” diver the count: 


reduces to zéro, 


tf . 


o. 


~ 


The instruction address enters the IJ- 
registers and does not enter the local 
Storage. The two-~bit new PSW CC decodes 
into four bits and enters the condition 
register (local storage K27). If, during 
this load new PSW routine, the microprogram 
determines that the high Order of the ... 
instruction address.is not. 0, it stores 
this byte at local Storage K16. It also 
turns on the S-register two latch if the. 
low-order byte of the instruction a 
is- not an even numbered address (position 
of that J-register is on. 


& 
” . 


When. this PSW is fully ioadea j She 


microprogram branches to I- ‘cycles, and 
Starts the execution of the I/O program. _ 


- The CC-bit. tales effect when a control 
unit sends device-end status and no- 
error conditions exists in. the channel - 
or device. 


Ne 


The SLI-bit takes effect to cause the 
channel to ignore any wrong length 
records. This allows command chaining 
to occur despite any mismatch of speci- 
fied record length vs actual record: 
length. : 


4 


The SKIP-bit takes effect during the 
executzon of a CCW. 


9. The PCI- bit takes Seeace after its 
- associated CCW is lodded into the CPU ° 
registers and the DCW 


w 


“3233 


G- reqister- -0 latch. 
.when:the UGW loa 
and the UCW op-and- flag CD bit is ons. 


Ghee 


« a p 
¥ | 


CHAIN DATA ADDRESS (CD) 


- 


e The CD bit takes effect when the count reduces to zero. 


°° It allows 
flag byte from the next CCW. 


e CD allows 
positions 
tion into 


m. 


When the chain-data_ flag bit of the CCW 

is on, it is an indication, to the channel 
to fetch the count, data address, and flag 
byte from the next CCW when the count in 
the UCW is reduced to zero. This permits 


_ the channel to use core storage locations 


that are not adjacent positions, in the 
execution of a CCW. This linking together 
of data nee is called data chaining. 


Data ‘ensening is controlled by the 
This latch turns on 
into the CPU registers 


During: any data Loop cycle in which the 


wor king: count has been reduced to zero, a 
test iS-madé by the data loep microprogram 
to: determine if the CD flag is on (G0O=1). 
If. this condition exists, the (CD routine 
is entered for the purpose gf obtaining 


replacements for the working count, data 


address and flags from the} next. CCW. 


This microprogram routine reads out the 


next. CCW-address from the UCW- and places ‘it 


in the IJ-registers. The CD microprogram 
uses the IJ-registers to read out. portions 
of the next: CCW. The microprogram checks 
the command byte of. the next CCW. 


program adds eight to the transfer-in-’ 
channel’ command address and begins to read 
out the next CCW. 


* 


Assume the CCW @anmand is not ‘a 


the channel to fetch the count, 


If it is 
a transfer-in-channel command,. the miclo- — 


data address, and 5 , 


the channel to gather information from storage 
that are not adjacent or to place input informa- 
Storage locations” that-are not adjacent. 


1. Reads the CCW count into the LD- 
, register. a oe 
2. Reads the CCW data address into the 
UV-registers. 


3. Reads the CCW flag byte int@‘the high 
positions (0-4) of the argues 
‘ 4 


4u, patornines the next CCW aapees. and 
stores it in the UCW. 


The CPU registers now contain new 
multiplexor channe@d operating information. 
The: microprogram returns to-the Gata loop” 


‘entry STI, SVI branch. If operational-in is 


inactive, the microprogram begins to store 


the UCW and restore the'CPU as it. does. when 
. operational-in. falls at the end of.a normal. 
mE PEenOe share cycle. | 


If Speiet oasis is still. active at the 
cend of the CD routine, the microprogram : 


waits for operational-in to fall or. 
service-in or status-in to rise. When one 
of these conditions oceurs, the micropro-- 


gram: branches to the associated sEOUEINGS a0 


A program. check occurs ‘duting ‘the CD 
routine if the new-CCW count is zero. 
data address is invalid, the three low= 


the. 


~ order bits of the flag ‘byte are not zero,” | 
“or the next CCW address is zero (memory — | 


transfer-in-channel command: In this. cage, = Wrap)... 
the microprogram: . 
| COMMAND CHAINING - Hs : : 7 
aig er chaining allows the channel to execute several | ‘ A : 


commands on an I/0 device with one start I/O instruction. . 1 ; 


e ‘comnana’ chaining is rpecified by the CCW chain data iris 4 Saye 
flag bit off and the command chaining flag ‘bit On. 


and receives its associated:device-end status, a oo ee i 
reads out the Next ccW and begins its execution. ° ¥ » oy 


When the channel successfully executes a CCW without errors 


the channel moo. te 


eS The presence of status-modifier status | along: with dev ieee and 7. | . _ 
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e “The channel wevivates a while command chaining. 


‘The multiplexor channel may executé a 


series of CCW's that apply to one particu- 
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execution of one CCW is complete, the chan- 
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order and begins its execution. . 
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Chaining. | 
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cCw execution. 
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interrupt if the multiplexor interrupt 
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Read Out Unit Address 
° From: Local Storage (K8). 


Is Multip xor~ 
“Channel Interrupt 


- * hic h OFF — | | ; 
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|’ Put Unit Address Into 1B 
| (Local Storage KO). 


Turn OnMultiplexdr 
Channel Interrupt Latch, 


oo sal 


‘Sef IB Status to Zero. 
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e- The enanned obtains the cow ) referenced by che TIC CCW data 
* _ address. = * . 


e a TIC CCW annot be oe firag cew in a’ chain. 


° Two TIC ccW's in succession cause a ‘program check. 
>- 


. ae es 


-? : ' 8 


Write 


The tranafer-i ~channel (TIC). Somme is-- - CCW3, mA i. 
a command to the channel and does not. ar = a 
involve any I/ soil Operation. It is a - 0 ve ) 
command fo the. channel to obtain and exe- CcW1l is a search. ,;If the search is not 
cute the CCW. whose high order byte location successful, CCW2 causes CCW1 to be. executed 
is referenced by the TIC CCW eae. accress<” again. This loop will continue until the 
search is saccessful. When this happens, . 
The TIC. co and ‘is used, any in a chain the I/O device presents status-modifier Y 


status along. with channel-end status. This 
allows the channel to pineee the TIC CCW. 
- and execute the write CCW. 


of commands and may net be the first com- — 
mand of the chain. Also two TIC commands - 
. in suecession rauge a ‘program check. 
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The TIC command is used ‘mainly. jn con- a a 7 -_ 
junction-with the search comma nd. Command Chaining to.a TIC command begins 
; - «the same way as for any other CCW command. — 


When the TIC command is recognized Muring 


yg example; Look at*the following chain 
W's. | 3 | 
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- ccw1, eenceny 


t 


the CCW check sequence its data address is 
placed in the I J registers. he channel 
now reads out the CCW: addressed. by the I J. 
~ registers and executes a normal CCW 

* check, 


 ccwW2,TIC (data address. is address of CCW1)_ 


CCW load operation. 
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oe wae mn 7 . yr ‘Ge ry = 
. INITIAL PROGRAM LOAD (IPL) 
es es OP gS ais | Ta re ot =: “og 
The ‘purpose of IPL is to initiate processing after power is — | | 
turned on or when the contents of storaje aré unsuitable for 


‘further processing. . | | | - Soe ile ee. eee 


Load but ton. > gee 


“ ~- The Sel Geccesice resembles a start-I/0 — 

~  . Instruction in which the selected I/0 

_.  , device and a zero- protect ion-key is: speci- 

- fied. The CCW for this instruction has a 
read command, zero* data: address, a byte — 
count of 24, the command-chain flag on, th 
-SLI flag on, and a command ee of. zero, . 


£ 


: ; ; cs | 


ft 


The IPL‘ routine reads cae: information ° 
“into the first three double words. of stor- 


age. The remainder of the IPL program -can 
be placed: in any a location of stor- 
age. | ' : . 


The IPL procedure is started by belece 
ing a channeljwith console switch Gand an 
input device with the HJ connecting switch- 
es’ and aes the Load button. This caus- 


fe 


e “IPL is started by en ere ee an ‘input device and “pushing the 


€ 
€ 


es a system reset; turns: on the ‘Load light) 
_and initiates a read Operation from the 
selected input covers | 


‘The System reset stops. the CPU “ana sus- 
pends all instruction processing, interrup- 
‘tions, and.timer ppdating. - It also resets 
all channels. and on-line control units and 
I70 devices. fhe conténts of the General 
and atcha ae tea registers remain : 
~ unchanged. foe 


. Following the system reset, the: selected 
input deviceistarts reading. The first 24 2 
jbytes read enter storage locations 0 to 23. . 
- Storage-protection and possible incorrect- . 
length errors are ignored. The double-word 

_ read into location Sagne is used as the CCW | 
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for the next input command. When. chaining 
is specified in this CCW, the operation 
proceeds with the CCW in. location 16. The 
double word at location 0 becomes the APL 
PSW. , 3 


ie i 


After the aah. Operation is completed, 


the channel and device address is stored in 


the IPL PSW interrupt code (bits 21 to 31, 
of the first double word in storage). Bits 
16 to 20 are zeros,: 
unchanged. The CPU then fetches the IPL 
PSW from location zero as the current PSW 
and changes from the stopped to the 
operating state. Operation proceeds unde 
control of this new PSW and the Load light 
turns off. ‘If the I/O operations and PSwW’ 


loading are not satisfactory, the CPU stops, 


-and the Load light remains on. The MPX 
channel's execution of the IPL routine is - 
the same as its-execution of a start I/O 
routine with the~exception of the initial 


“setup and si ending procedure. 


When the load key. is pressed, it causes 
a system reset. When the load key is 2 
released the load-key. latch (KC 041) turns 
on. The output of the load-key latch turns 
on the load-indicator latch (KC 051). The 
output of this latch turns on the load- 
request Stacking latch (KM 062). If no 


~higher priority stacking latches are on, 


the load-request stacking latch generates | 
an IPL pulse which in turn forces the first 


‘micro word address of. the IPL routine (002) 


** 


into the ROSAR . (WX-registers). 


The IPL routine first generates a “ccw 
and places it in main storage locations 
A read command is placed in byte 0, a 
count of 24 (hexadecimal 18) enters byte 7, 
and. the CC and SLI flags enter byte 4. 
Als6- during this routine the channél and 
unit address enter the U and V-register 
from the HJ switches respect4vely and all 


of the H-registers latches with the 
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‘ exception of the H6 latch | 
. turned on to prevent any but MPX traps. Ke 


and bits 0 to 15 remain. 


‘Stop, micxoprogram word 6FF. 


‘command-out. 
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{MPX hold) are 


‘The channel ng reads out this CCW from 
Storage locations*0-7, and checks it for . 
Vvaiidity the same as for a start I/O : 
instruction. When this is complete te. 
channel microprogram toads the CCW into the 
CPU data flow register while selecting the 
unit specified by the HJ-switches. From 


_thiS point the channel and‘I/O device oper- 
ate normally until | the unit” deactivates 


9 


Operational-in, og of 
When op-in falls, the channel exits from | 
the data loop and updates the UCW as for,a 
Start I/O. When this is complete the chan-_ 
hel micro program does not attempt to res- 
tore the CPU as for a start I/O But enters 
the LPL wait loop, microprogram word 682. 
IPL MPX share requests are handled by the 
changel in the same way as for start I/O. 
operations. When the selected device pre- 
sents statusS-in, the chapnel tests-the 
Status for device-end or channel-end sta- 
tus. Any other. status results in an IPE 
When the 
status is good (channel-end or device-end) | 
the channel resets the JPL latch and H- 
registets latches.  Wheh Op-in falls, the 
channel stores the-unit and channel address 
into the interrupt. code location of the IPL 
PSW (main storage byte locations 2 and 3. 
When this is complete, the channel loads 
the IPL PSW into the current PSW locations, 
after.which the CPU begins ‘execut ing 
instructions under contro} of the: IPL PSW. 
If for some reason, a. device en than 
pe. device specified by the HJ switches 
presents status, the,channel issues | 
3 This fesponse stacks the 
Status at the control unit. The 2030 
enters the IPL wait reese until the next -MPX 


: Bare request. : - 
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TEST 1/0 

aaa i ea * 

e The object. of a test I/O instruction is to store a Caw, a me: 
@. It does not require a CCW. i } 

e The supervisor- program issues test I/O instructions to + , 


Obtain status from I/0 devices when th 
are masked.off by the PSW system mask. 


¢ 


€ 


The supervisor program issues the test 2 
I instruction to obtain the status of a 
particular 1/0 device. The main use of the . 
test I/O instruction is to obtain the sta- 
tus of I/O devices when channel interrupts 
are masked off by the PSW system mask. . 


a 


f ~ The test 1/0 instruction has the same 
format as a start I/0 instruction and its 
execution is begun in the same manner as 

) she start I/O instruction. »¢ After the CAW 

'\+ has been read out the channel differenti-. 
\. ates between a start I/O and test I/O and 


\ 


_’' begins the test I/O routine. 
_ 2 : 


In order t@ execute a test I/O-instruc- 
“tion, the channel first determines if. the 
UCW associated with the spetifie@ device is 
ACTIVE or AVAILABLE. It does this by read- -. 
ing out the UCW op-and-flag byte and test- | 
ing its active bit 
When the UCW is not active, 


_UCW AVAILABLE: 
it means that either the I/0 device ; 
- involved has status stacked or the I/0 a 
. device is free to perform other operations. 
Wheh the ,UCW is available (ACTIVE, bit 
off) the channel must execute an initial 
Selection sequehce with the I/O device 
involved and issue zeré command. when the 
device responds to command-out with states- 
in,. the channel tests the status for a z@ro 
vcondition. If the status.is zero the — 
channel sets PSW condition code 9 and _ 
returns to I-cycles. When the status-ts——~ 
not zero, the channel puts the status in 
the D-register and.activates service-out. | 
After the I40 device deactivates . i 
operational-in, the channel sets the entire 
CSW @o zero, addresses the CSW unit-status 
‘byte location a second time and places the ~ 
unit status, now in the D-register, into ; 
this byte location. When this is complete 
the channel sets PSW condition code 1 and 
returns the CPU to I-cycles. - ee | 
. When the channel receives status-in in 
‘response to address-out (control unit 
busy), it puts the status in the o- register 
and activates service out. When. status-i 
falls, the channel sets the-csW to zero and _ 
_ then sets the CSW unit status byte with the * 
_ D-register contents (status-in). When this. 
is complete the chanrel sets PSW condition 
cede 1 and returns the CPU to I-cyclés. 


‘ 
Cees 
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e channel interrupts . 


~JCW ACTIVE: hen the UCW i8 active ‘it 


fout the (Cw channel status byte and tests 


; 


the status is. . The status may be in the 


means one of three things: es ; 
1. The subchannel (UCW) is busy either 

with the specifigd device O® another 

device. | | | 


2. The subchannel has an interrupt condi- 
| tion waiting in the interrupt puffer. 

This may*be an interrupt from the spec 

_ ified 170 -device ox another 1/0 device. 
‘3. Status is stacked at the 1/0 device. 


rs 2 
When the UCW. is ACTIVE, ghe channel reads 


‘it to determine if bit 3 is on or off. . 
“When bit 3 is off it indicates that the 
‘specified device has not presented status 
and is therefore working. In this case the 
channel sets PSW condition code 2 and 
returns the CPU to I-cycles. f 


If bit 3 is on, indicating a device 
associated with the UCW has presented sta- 
tus, the channel reads out the UcwW hi-order 
data address and compares this address with 
address in the’ V-register(1/0 control-unit- 
and device address). An equal comparison ~~. 
means that the device specified by the test 
‘170 instruction has presented status. 

| hese” . i 
Note: -Durin§ status-in MPX sharercycles, 
the address of the unit presenting status ~ | 
is placed in the UCW data address. ; 
Te : 


This comparison is necessary because a UCW 
may be associated with more than one 1/0 
device and the channel might hawe received 
status from another device @ssociated with 
(‘the same UCW as the 1/0 device specified by: 
the test 1/0 instruction. If this is so, 
the channel sets condition code 2 in the . 
-PSW (subchannel working) and returns :the | 
CPU to I-eycles. i a ™ 
Assume bit 3 of the UCW channel status. 
byte is On, and the address in the UCW data 
address"is the addres of the I/0-device 
“Specified by the te: 170 instmguction. In 
this case the channel must find out were 


interrupt buffer or it may be 


ste cked ar 
the 1/0 conte] unit. . . | 
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Ucw ACTIVE. 


| 


witen the status is in the IB, the 


channel puts the status in the D-register 


and generates the CSW from the UCW and the 
unit status that is now in the D-register. 


After storing the CSW, the channel turns 
off the MPX interrupt latch (in FB-reg), 
sets the UCW op-andflag byte to zero and 
returns the CPU to. ireyeres 

When the status is not in the IB, the 
channel executes an initial selection 
sequence with the I/O device specified by 
the test I/O instruction. When the I/O 
device presents status to thé channel in 


a ae 
HALT I/O 


response to Command-out the channel exe- | 
cutes the CSW store routine, storing a full 


CSW: 


1. protect key 
2. Next CCW address 
3. Unit status 

4. Channel status 


After storing the CSW the channel sets the 


PSW condition code to 1 and returns the CPU 
to I-cycles. | en 


e The halt I/O instruction discontinues operation between a 


particular I/O device and the channel. 


e The channel executes the halt I/O instruction before return- 


ing the CPU to I/cycles 


e The halt I/O instruction does not require a CCW. | 2 x 


att, 
ty 


e The channel issues a halt I/0'(stop) to an I/O device by . 
activating the address-out tag line while the device has its . 


operational-in active, and select-out is down. 


The halt I/O instruction is issued by the 
supervisor program to discontinue operation 
between a particular 1/0. ‘device and the 
channel. Response of I/O devices to a halt 
I/O instruction varies from one device to 
another and is covered in the Field Engi- 
neering manual of instruction. for that 
device. 


The channel begins the execution of a 
halt I/O instruction in the same manner as 
the start I/O instruction. That_is,.-the 
PSW is checked to insure that the CPU is in 
ade Soghclerciaz State, and part of the CAW is 

d out. This occurs before the channel 
nal és the test to determine which I/0 
instruction is being issued to the channel. 


When the channel recognizes the halt I/0 
instruction, it discontinues reading out | 
the CAW and branches to its microprogram 
routine that develops a UCW address from 
the I/O control unit and device address. 
The channel now reads out the UCW op-and- 
flag byte to determine if the UCW is 
active. 


when the UCW active“bit is on, 
it indicates that the CPU has not executed 
an interrupt (stored. csW) initiated by 
the I/O device assdcitted with the UCW. 
Therefore, the. channel must read out the 
UCW status byte and test bits 3 and 4 to 
determine if the I/O device has an inter- 
rupt waiting in the eryeae ta buffer. This 
is the case when both bits 3 and 4& of the 
OCW gtatus byte are on. 


¢ 


*When an I/O device has an interrupt | 
waiting in the interrupt buffer, it is not 
operating with the channel. Therefore, the 
channel does not execute the halt I/0 
interface sequence, instead the channel 
sets the PSW condition code to zero and 
returns the CPU to I/cycles. 


When the 1/0 device does not have an 
interrupt waiting, the channel selects 

the device, and activates address-out 
after the I/O device has activated 
Operational-in and address-in. Address-out 
and operational-in both active at the same 
time while select-out is down at the I/0 
device means halt I/0 (STOP).: 


The halt 1/0 interface sequence is: 


1. Channel activates address-out ana bus-~ 


2. Channel activates. gel pede ang, hold- 

; out. > woe 

3. The I/0 device activates : ‘operpiional- 
in. ai 

4. The channel , be: ivates address-out. 

5. The channel deactivates select-out. 


6. The I/O device activates ‘address-in. 
The channel activates address-out. 

The i devide deactivates operational- 
"ain and address-in. 


; a The channel Beacts ace address-out. 


£ 


Pa 


When the. literface sequence is ‘complete, 
the channel turns off the UCW op-and-flag 
byte CC and CD bits, and sets the UcW 
status ie to, 10091000 (88). dX | 
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The channel now sets the OCW op-and-flag 
byte to zero, sets the PSW condition code 
to 1, and returns the CPU to I/cycles 

“ 
UCW NOT ACTIVE: The halt I/O routine for 
an available UCW is the same as for an 
active UCW with this exception: The channel 
does not have to test the UCW status byte 
for bits 3 and 4 On (interrupt waiting in 
IB). This is because, for a UCW to become 
available, the I/O device must have had an 
interrupt executed by the CPU and, there- 
fore, cannot have an interrupt waiting in 
the I.B. 


TEST CHANNEL 


e Executed: to determine the status of a particular channel. 


® Sets a condition-code in the PSW. 


When the channel finds the UCW availa- 
ble, it executes the halt I/O interface: 
sequence, sets the UCW status to 10001000 
(88), stores all zeros in the CSW, sets the 
PSW condition code to 1, and returns the 
CPU to Ba yenees 


The channel does not set the UCW op-and- 
flag byte to zero for an available UCW, 
because it is already zero. 


e The condition-code set indicates the status of the addressed 


channel. 


The test-channel command determines the 
status of a particular channel. It is 


“- executed only with the CPU in the monitor 


state and has no effect on the channel. 

The test-channel command sets a condition- 
code in the PSW that indicates the current 
state of the addressed channel. | 


The test-channel operation begins like a 
start-I/0; however, when the addressed 
channel is selected, a microprogram branch 


3~46 


occurs.to the test-channel routine. In: 
this routine the channel is checked for a 
busy status or an interrupt condition, and 
a condition code is set. 


Condition codes for the test-channel 
instruction are: ; is 


Code 0 - Channel available. 
Code 1 - Interrupt condition in. 
channel, 
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(hexadecimal addresses 81, 82,. 


i. Byte location 129: 


MPX ERRORS _ 


e The MPX channel ee oe four types of errors. to the CPU: ~— ~ 


1. Channel-control check (CCC) 
2. Interface-control check (ICC) 
3. Memory-protection check (MPC) 
4. Program check (PC) 


Error routine: 


1. Logs the error for CCC and ICC errors. 


2. Clears the interface 


Form ¥24-3362-2° 
FES 24-0510, 


ERROR HANDLING ~~ 


3. Gets a CSW stored with the error Pie oration 


y 


When an error occurs that is chargeable to 
the MPX channel, the. channel makes every 


-attempt* to disconnect the I/O device from 


the interface and store either a partial 
CSW or a full CSW. 
occurs before a unit becomes connected to 
the interface. In-this case, the-channet 
must merely store the CSW. The time at 
which a CSW is stored depends on when the 
error occurs. In some cases the CSW is 
stored by the MPX error routine, but in 
other cases the MPX error routine creates a 
condition that makes the I/O device ini- 
tiate an interrupt, which is handled in a 
normal manner. ° 


The MPX error routine must also log the 
error when a channel-control or interface. 
control check occurs. The MPX log area is 
bytes: 129, 130, 131 of main storage 
and 83)< | 
The MPX error: routine stores the following 
information in the log locations. ; 


The MPX. trror rou- 
tine loads byte 129 with either the 
contents of the machine. check register 
: Ox the contents of fhe L-register which — 
- igs-the catalog number. The contents of © 
_ the machine-check: register enter byte 
129 when the MPX error routine is 
entered from the -machine -check trap 
(channel-control checks). The contents 
@ of the L-register (catalog number) 
** enter. byte 129 on ihterface control 
checks: ” The Geter oes number is formed 


wal 
ith 


In some cases an error 


x : Se meee 


ie, 


3. 


device in 


in the L~register ‘whenever a program, 
or interface control check occurs. It. 
indicates where the error occurred (at. 


. Mhat microprogram NOEs 


Byte 130: Byte 130 is the i aditepice 
byte. The four high-order bits serve 
as a counter of the number. of errors. 
logged by the MPX error routine. It is 
updated each time an error is logged. 
Bit 4 is turned on by the first error. 
It indicates that at,least one error 
has occurred. / When the MPX error rou- 
tine stores the catalog number in byte 
129, it turns bit 5 on. When bit 5 is 
off the contents of the machine check‘ 
register is in byte 129. Bits 6 and 7 


_ together inform you of when Op-in 


Becomes inactive. When an error occurs 
when op-in is down, the MPX error rovu- 
tine sets both bits 6 and 7 off. When 
op-in falls only after the MPK error: 


routines executes a halt I/O sequence, 


the error routine sets bit 6 off and 7 
on. If op-in falls only after a 
selective reset by the MPX error 
routine, the error routine sets bit 6 
on bit 7 off. When op~in-~doesn't fall 
after all efforts of the MPX.error .— 
routine to disconnect the I/O deyfce, 
the error routine sets both bits 6 and > 
7 on. / 


Byte 131: Whenever the MPX etror rou- 
tine logs an error it stores the : 


address a mE toe control unit and 
e location 131. 
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_ ERRORS WHICH ARE NOT PROGRAM CHECKS 
@ These errors are: Baa, a 
1. Channel-control checks . 
2. Interface~-control checks . 


3. Protection checks 


these érrors the MPX error routine: 


1. Logs the error (no logout on protection checks). | 
2. Clears the intérface when possible and creates an inter- 


rupt. 


Channel-control checks, interface control 
checks and protection checks are all han- 
dled in a similar manner by the MPX error 
routine. The basic difference between 
these three checks is their cause. 


CHANNEL CONTROL CHECKS: When the MPX error 
routine is entered from the machine check 
trap a channel control check has occurred. 
These are the same type of errors detecttd 
by the CPU for CPU errors but when the H-6 
latch is on, the MC trap branches to the _ 
MPX error routine. A channel cont rol-check 
' Causes the contents of the machine check 
register and not the catalog number to be 
stored at byte 129 (81). | 


te 


MPX ERROR ROUTINE . ~~ - 


i Pigs 


* Stores the unit address at byte 131(83) | 
| x 


e Stores the L-register contents at byte 129(81). 


2 


INTERFACE CONTROL CHECKS: These errors are 
detected by microprogramming only. An 
interface control check indicates an inval- 
id response, slow response or no response 
from an I/O device to a tag-out Signal. A 
catalog number is stored at byte 129 (81) 
fer interface control check. ° 


Lvl 


4 


PROTECTION CHECKS: These errors indicate 
that an address outside of the protect key 
area has entered the MC-register. These 
errors are detected by error checking cir- 
cuits only and cause a catalog number of 
1111 1111 to be stored at byte 129 (81). 


. “ . 


This is 


either a catalog number Or the contents of the machine-check 


(MC) register... 


3% ™“S 
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* Updates the high-order of the indicator byte, byte 130(82). 


e Sets. bit & of the 


- 


indicator byte on. |. 
z > i+ 


+ 


bese if —- Ae 2 
e Sets bit 5 of eG ee the catalog number is 
| ¢ Ph: eae 3 2s 


stored at byte 129 (81). 


ce ey 


: a é ‘ 
* Attempts to clear the interface," : 


j 


“et 


e Either stores the CSW channel and unit Status or creates an 


interrupt. = 


After logging’ bytes 131, and 129, the MPX 
error routine sets up the L and S register 
to log byte 130 (bits 0-53). Before doing 
so, however, the Error routine attempts to 
Clear the interface. — 


-If op-im is down to begin with, the MPX 


error routjne sets both bits 6 and 7 of the 


indicator byte OFF. Otherwise the error 

routine-executes the halt I/O interface. | 
Sequence (activates address-out). ‘If op-in 
eee tae a result of this, the error roy-’. 
tine Sets indicator byte bit 6.of£ and bit 
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latch is on, the error routine stores the. 


% 


7 on. tf op-in doves: not fall, the error 


routine activates suppress-out and deacti- 
vates op-out’ (selective reset). If: opin 
falls as a result of this, the error réu- 


tine sets indicator byte bit 6 on and bit 7. 


off. If op-in still doesn't fall the error 


routine sets indicator byte bit 6 and bit 7 


both on. 
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. When the interface is OK (op-in was’ down 


to begin with or fell as.a result of the °* 
halt I/O sequence) and: the MPX operations 
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| , £1 
‘branches to the “no 


‘during execution of the first CCW. 
unit status alone is stored in the CSW. 


error gonaition in the UCW status byte from 


the U-register, and sets the UCW op~and- 
flag byte skip, output and active bits on. 
This causes the channel to respond to the 
next service-in associated with the UCW, ; 
with command out: This means stop and 
causes the I/O device to present status, 
initiating an interrupt. After storing the 
UtW op-and- byte the error routine 
normal CPU restore routine. 


The error routine is initiated when op- 


in does not fall. in response to the Halt 
_ I/O interface sequence. 


This routine 
determines whether the error occurred 
If so, 


when op-in does not fall in response to 

the halt I/O interface sequence and the 
error occurs on the second or later CCW, 
the error routine tests the interrupt 
buffer. If the IB is full the error 
routine branches the CPU back to the 
machine check trap. ‘Fr «ce IB is-.not 
full, the error routin- :cores the I/0 


“device address in the IB, sets the IB 
*“gtatus byte to 00010000 (Busy), and turns 


on the MPX interrupt latch. When this is 


accomplished the error routine sets the 


' UCW status byte with the error code and 


, Of error oriented data. 


- OF a programmed test-I/O0. 


is given. 


ct FIGURE ET FRAME 


sets the ‘UCW op-and-flag byte skip, active 


and output bits on. 


LOGOUT PROCEDURES: Information to the CE 
and programmer, about .errors that occur 
within the channel, is provided by a logout 
The logout area 
for the multiplexor channel is main storage 
bytes 128, 129, and 130 (hexadecimal 81, 
82, 83). Interface and channel control 
checks are the only errors that cause 
logout. 


In addition. 7 error logout, the 
controls of the system take steps necessary 
to set up information to be stored in the 


CSW, through immediate or interrupt means. 


They also attempt to free the interface of 
an offending unit (force op-in down). If 
the interface is not free, an interface 
disconnect is attempted to remove the unit. 
If this does not work, a‘ selective reset 
When this fails, no further 
action. is taken and manual intervention . 


ib necessary. 


Following logout and pee cence reset, an 
attempt is. made to store a CSW immediately 
if the error is during, start I/O interrupt 
If this is 
possible, regular Procesetng is Eeeunes: 


» the time necessary to clear error conditions 


‘ , 
a 


| multiplex channel. 


jis set on. 
time until the error routine is completed, 


Form Y24-3362-2 
FES Y24-0510 


Some situations exist in handling 


interface and channel control checks making 
--- it. impossible to guarantee notification of 
. the error eter ae 


the CSW storage mechanism. 
This unqueveablé interrupt situation forces 
a CPU machtae: check trap. 


On an intermittent error, detecting a 
machine check causes .a hardware forced 
microprogram trap to the machine check 
control program. This routine determines 


‘which system element was using the data 


flow at the time ‘the error occurred. 
Control passes from this routine to the 
error microprogram for the system element 
indicated (CPU, multiplexor, or selector 
channel). Error traps are not allowed for 


and perform the logout. The machine check 
register is recorded as soon as possible 
inthe routine, and the}first-error latch 
Any errors detected from this 


stop the system. At the end of the error 
routine, the first-error latch is reset. 
Microprogram recovery, with a reasonable 
amount of information supplied concerning 
the nature and extent of the malfunction, 
is possible if the time between errors is 
more than the length a time for the error 


routine ° P 


For more information on machine chécking 
and error logging, refer to Chapter 2 in 
the FE Maintenance Manual, form 225-3390. 


CHANNEL CONTROL CHECKS (FIGURE 3-18): Any 
machine check trap _ddentif£ied as a channel 
error is a channel ‘control check. A chan- 
nel control check causes the contents of | 
the machine check register to be stored at. 
byte 129 (hexadecimal 81). This is the only — 
source of channel control. check errors in the 
These errors use the same 
checking circuits as the CPU hardware, but 


when the H-6 latch is on, the machine check 


trap branches to the multiplexor check rou- 


tine. This-check routine takes the following 
action: 
1. An interlock latch ‘sets to prevent | 


‘further traps until the microprogran 
progresses far enough to be useful. 


2. The ‘H-register indicator latches are 
inspected to determine if the error 
occurred under CPU, selector channel, 
or multiplexor channel control. 

3. A branch is then taken to further han- 


a these conditions. 
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In Hardware + 
: Multiplexor Check For Selector . 7 
: Error Source : , ‘ | 
Store Apparent Unit | | SETI SS Sage Te ene een 4 = 
Address And MC or Cat. | _ CPU | — ! 
No. In Logout Area * - 
‘ CPU Routine Selector Channel Routine . i‘ 
MPX Channel Interface | : @ 
Disconnect If Required : 5 | 
Store Logout Indicator | & 
Bits ; 
. . MP X Os sae 
e 3 No Operational Yes 
S F< 8 
Short CSW Store Set | Interface Was Selective Interface Reset OK Ih . | 
Condition Code To } . Reset With MPX Latch On MPX Share With MAP Xx 
: _ Op Latch On & =i 
{  Retum To | Cycles +1 Set UCW Status To ccc i 
a e e : —_ 
cad \ é : 
* : 4 
re 3d > Yes | eS 
Set UCW Status To CCC Unqueveable Interr.-+ . 
« Set MPX Interrupt Latch Condition @ 
On : P 
| Enter CPU Machine @ 
Set Up For Stop Of Unit Rheck Trap Routine | 
: i On Next Interface Bao "y 
= ROS Restore To - & | 
Interrupted Program: ' & | 
@Figure 3-18. Channel Control Check: : : 
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If machine check traps are not allowed (PSW 
Bit 13 = 0) no trap will occur even though 
one of the machine ‘check latches is set on, 


and operation will continue. 


=. 4, @ 


INTERFACE CONTROL CHECKS (FIGURE 


3-19): 


programming only and are caused by an 


excessive time lapse in an expected inter- 


é 
| ICC 


' : Store Logout Indicator Bits 


nog M : 
yo 


No 


Short CSW Store Set | 
Condition Code to | 


Retum to | Cycles 


Store Apparent Unit 
Address And MC or Cat. 
No. In Logout Area 


MPX Channel Interface 
Disconnect If Required 


“Operational 
Lotch 


Y 


MPX Channel Detects 


% 


Interface Was Selective 
Reset With MPX Latch On 
rail 


Set UCW Status to ICC 


fi 


Latch On 


@Figure 3-19. Interface Control Check 


* 
in 
F 


- 


> 
aw 


These errors are detected by micro- 


| Set Up For Stop of Unit 


face signalling Sequence. These sequence 


Ae, et 


wr 


timeouts are microprogram count loops, 
approximately 128 or 256 control cycles 


Tong. 


delay in interface response. 
sequence (service-in, service-out) is timed 
out to approximately 30 seconds. 

delay time allows for tape gaps th 
exist as a result of tape programming. 


No 


Set UCW Status To ICC 
Set MPX Interrupt Latch 
On 


On Next Interface 
Response 


Interface Reset OK In 
MPX Share With MPX 


Restore ROS From Backup 
FROSAR | . 
Continue. Interrupted , 
Program 
é 
ir ° 
| (6/69) 


The timeouts check for excessive 


Each data 


Unqueveable Interrupt | | | 
Condition a 


Set "A" Register Check 
In Machine Check Register 
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Interface control checks are stored in ae 
the CSW formed at the énd of a start I/O an ae ees oe 
execute cycle, or.as a result of an 1/0 ? - . 3 : ; - @ 3 

' interrupt. ‘A catalog number is stored at | ws. 


: } . a 4 ts =. % can 
| byte a2 ee ecocsmee 81) for interface _ | . ap ChaGalimanec : 
cone srs chee we Disconnect If Required . = 2 


PROTECTION CHECKS (FIGURE 3-20): A 
protection check occurs when the key | ; 
assigned to a subchannel does not match the Nee: 
protection key assigned to a section of ~* ae ee 
main storage into which data is to be 
stored. A protection check ends the 
Operation on the subchannel, stores the CSW | : | 
channel status, and sets the protection Che | 5 oe 
check bit. If the error is detected before. | 
completion of the start I/O instruction, | — 
the CSW is “short stored" (status only) and pa 
condition code 1 is set. If the error is Baio Tore vel | 
detected after completion of the start 1/0 era nyt a 
instruction, an I/O interrupt is taken and | : lem 
the CSW is stored. The CSW unit status has “3 
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‘Store Type of Error in |. 
— UCW.Status i 
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‘Set Up For Stop of Unit ci 
On Next Interface 


_no meaning in this instance. > | 
. 7 rom Backup | 
Continue Interrupted 
Program 
- rae, — ae ee - - 
-@Pigure 3-20. Protection ‘Check _ . 
‘e ~ ae ane 
: 
PROGRAM CHECKS 
® Program checks are caused by: | | : "3 . 
- Invalid CAW : : 
2. Invalid’ ccw 
3. Memory wrap 
e © Program checks are detected by microprojramming and by error 
checking circuits Se cn 
e The MPX error routine does not log program check errors. _ ; # | 7 _* *& ee 
Program checks (Figure 3-21) are not logged error routine stores the channel status AR” og dy Mee 
by the MPX error routine and for the most the CSW, sets condition code 1 and returns a. 
part the interface is already clear. Two | the CPU to I-cycles., | i‘ 7 y 


types of. program checks require the MPX | a gee Bias 

_- error routine to clear the interface, If a program check occurs during command - — 
invalid address or memory wrap during MPX chaining , the MPX error routine executes a oe 
. -Channel operations. In these two causes -- test,I/O0 sequence with the I/O device : a & 7 
the error routine tries to clear the inter- involved and issues a comband out when oe ee 


vt 


¢ Face as for channel control, interface — device activates status-in. This allows mee ne 
control and ‘protect checks, and gets a CSW the device to initiate an interrupt.  _—s| @ 
stored in th¢ same way. | a . Besides this the error routine sets the Ucw : Joie 


| _ status with the program check bit, and sets. 
; When other program checks occur during the UCW op and flag hits 3, 5, and 6 on... 
| initial set-up of an I/O:instruction, the | hb me 4 og & 
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Program Check | | 


Command Chain, 
Data Chain : 


1B 


| Store CSW.Chani : — Available Store Program Check 
atus (Program Check) — md 


Bit In UCW Status 


‘Load IB with 


- Store Catalog No » of . 
“Unit Address 


Error Exit in‘CSW Unit 
Status ti sti‘(“ 


| Send Terminate 1/0 - 


oe Set. UCW Op and Flag - 
Command to.Unit 


Bitt To Stop Unit On. 
Next Service Request . 


. Place Catalog Number 
in 1B Status (Non=Zero) | 


“| Set Condition Code 1. 


2 . en. . When Unit Returns Status, 
zi oad ucW Status Byte, - ah | Quéve Status at Unit 
“|: Prograni Check, and Set | 


$3,$4,=11 oe | 
|} Load UCW  Statuf Byte S32 


1 Set UCW Active Bit On. 
Stop Unit On Request For 
Data Service = 


Go to Next. 
~ “CPU Instruction 


Determine 
- Return Path * 


ay & A $7=1 


2 ec a . , Return To _ Return to I Cycles 7 
eo, Fay p | . ROS Restore - . Fes 


@ Figure 3-21. Program Check : . 2% 
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COMPREHENSIVE INTRODUCTION 


a a ie IBM 2030 may have a maximum of 2 selector channels. 


M2, 1.5 microseconds M2-I) of CPI 


of 170 data. | 


I/O operat ing information, such as: 


t 


> ate Count 
2. Data Address 
3. Command 
YW. Flags 
Channel Status 
6. Protect Key > 
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; ‘ ae of s | Se ae 
io 7 ae 
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eo . 4 


guarantees: | 
*.. ~ 


"elector channel 1, 
ae Selector channel 2, 
.3.  Multiplexor channel, 


NOTE: 


® 


The IBM 2030 may have up to two selector 
channels. A selector channel is a high- . 
speed channel that.takes one memcry cycle 
of CPU time to handle each byte of data and 
does not disturb the’ contents of the CPU 
“registers. It contains registers that hold 
‘the Channel Command Word (CCW) for the 
entire data transfer portion’ of an I/O ~ 
operation. The-Selector channel also 
contains, a clock to provide timing during a 
selector share cycle. 


Figure 4-1 shows the qeneeal data flow 
of a selector channel. When the selector 
channel is_,addressed by a start I/O com- 
mand, its registers are loaded with the 
operating informgtion of the CCW, under 
microprogram cogtrol. After a selector 

Channel has ainitfally selected the correct 
I/O control unit, also under microprogram 
ey control, it waits for a ,Service-in from. 

that cOntrol unit while: the, 

_ing ather information. : sthen the selector . 
; Channel. receiveg<a service-im from the 

control unit, a: ‘service- out is returned | 
7 " immediately Af 
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1. On an ot kt put operation, the GR reqister 

| is fudl’ -and: a data byte. can be sent. 
mente . 
2. On anvinput operation, the GR register 

at. is empty and Beady ce EECEAVE data. 


i a 
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— Ifca service-in is received while GR is 
f Fp - . empty for an output operation of full for 
an input, ORETetLORs the: selector channel: 


aM a 
: 
: ” 
+ 
- / ui ‘ 
re 7 : 


o .Seteeeer ‘channels take one of cb cyc gle (2. 0 microseconds | | ee Bs» 
one to handle each byte ; an 


a Each’ selector channel has ee ee ee that contain. 
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| * Priority assignment, with all channels requesting BORYECES 


50% of the time. 

25% of the time. 

25% of the time. 

Model M2 has a 2.0 microsecond memory cycle and Model | 
M2-I has a 1.5 microsecond memory cycle. 


-1. Waits for the present storage cycle to 


- complete. — 


: 
SELECTOR CHANNELS 


SECTION 4. 


: 


* 


be completed. 
2. Assumes control of core storage. 
3. Handles the data. _ 
4, Updates the count and data address. 
5. Responds with a service'out. © 
6. Returns © storage control to the CPU. 


Priority assignment. for storage cycles 
Or ROS cycles (multiplexor channel) is such | 
that selector channel 1 has priority fifty 
percent of the time; selector channel 2 has. - 
priority twenty-five of the time: and the 4 
multiplexor channel has priority twenty~ ps 
five percent of the time. This priority 
takes effect qnly. when: all three channels 
are requesting Seprace Cycles at the same 
time. Any-time a chanhel does not use a> 
cycle, the cycle may be used by the other 
channels according to their priorities. «.. 
Any cycles not used by the x20 channels are. 
utilized by the CPU. : ‘ an | 


When’ any channel requests a-storage . 
cycle, it has priority over the CPU, and 
ill be honored as soon as-thé C88 fintshes 
the current cycle. . Selector share cycles, 
which-are:storage cycles, can interrupt a 
multiplexor channel that. is using ROS * 
cycles to hgndle data. Once a storage 
cycle has been started; -other requests will 
not be honored until the sarin be cycle is. 


All registers associated with selector 
channel 1 are identified by a prefix G. 
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All registers associated solely with selec- Because selector @hamnel] 3 and selector 
tor channel 2 aré identified by a prefix H. channel 2 are identicel in operation,’ 

For example, the GR register is the data ‘except for the register umed, the folicwing 
4A. register of selector channel 1, and the HR descriptions are fog selector channel j. 
xegister is the data register for selector Apply the descriptions to selector Channe} 
Channel 2. A single micro program is used 2 by mentally inserting a prefix H, where 
for, both selector channels. The micro there is prefix G in the description. 
program always uses the G prefix. The . | 

controls are gated to selector channel 1 if ¥ ) 
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§X~1 gate is on, .and to selector channel 2 ; 


iff SX-2 gate is on’ —- ; 
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GA. REGISTER _(TAG LINE E CONTROL) | | ae : | | a 

e Controls out-bound tag lines. 

e Controls the gating of information to out-bound bus lines. | 

Se : ae 
° sets under microprogram control during rnitial- selection : 
sequence; and under hardware control Quer Ag: data hand'ling 
Sequence: 7 
yo ; a mx 
e Sets out bound tag response to in-bound tag Line. =, 
| | - 
° 5 
4 h $ 
The GA register is @ four-position register field. The CS field must pe GA=kK (Gate CK 
that controls ‘the out-bound tag kines and field bits to GA register) where the value 
the out-bound bus lines. These+latches of the CK field may be_from 0 to 15 with or 
turn on under microprogram control or in without the parity bit. 
‘response to an in hound: tag line, or combi- “ : 
nations of both. 3 _— . fe 4 
| Figure 4-2 shows the’ four GA register 
The micr3 program turns: on the GA reg- latches and the conditions that turn them 
ister latches under control of the CS on. 
LATCH NAME AND PURPOSE TURN ON CONDITIONS RESETS : 
“Bussout niiel gale pale: GO. r ‘ “Gate k K to GA A, aie Pr, Hl |. Not service-in, not status- — 
Bi register to Bus-out. CK Sol 0 bit. in, and not address-out . . - Ab 
| 2. Output operation, GR full, 2. Gate K to GA, and Pl] and : ; 
and service-in apd not ser- Cpu TI. 
vice out. 3, Machine reset. 

itinaisaous rien itt hae Silda pats eet Me mse iE Na bc clan nae i apa thematic et Annem eaneRar A es oe 2 lS sia 
Aditress Oui: raise fare Galea K to > GA, and Pl, “Ck Sal 1 1, Gate K to GA, and PI, CPU 
adeligss-out tag line. bit, and CPU 12 pulse. _T1, add not halt 1/0. 

f 2. Not poll-control, not Op-in, 
Pg ah : . _ and'not Halt 1/0. 
= 3. Op-in, select-out, and not 
; Ae Halt 1/0. 
3 4. Machine reset. 
or oa. raise the 1. Gate K to GA, and 1 Pt, CK . Gate K to GA, aad Pl, and 
# cotfiniond-out tag line. * Sal2 bit and CPU T2 pulse. CPU TI. . 
i s Pe 2. Service-in, status stop con~ 2. Not address-in, not service- 
. 7 - dition, and hot check stop in, and not status-in. ‘ 

- : mode. 3. Machine reset. 

a wre Anan Users oah nein sth wiaae pani icin sence earners tity ern en Aeon apie trsnirtnkinn momen pe iterated naan x ‘ 
Service Out; raise the 1. Gate K to GA, and Pl, CK . Gate K to GA, and PI, and | | | 
service-aut tag line. Sal 3 bit. CPu Tl. ’ 

2. Channel-end see and - 2. Not address~in, not service~ ‘ 
* command chaining. in, and not status~in. — 
3. Service signal and not set 3. Machine reset. | 
bus-in to GR. 
Figure 4-2. GA Register 
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GB CONTROLS 


ay 


x 


tt 
< 


e § 6CS field is GB = K. 


* * ir : A 


controls which provifle a variety of 
tdons,in the selector channel. 
\ 


. . The microprogram turns on the GB ' 

trols under control of the CS field. The 
CS field must be GB = K, where K is 
valent to the value of the CK field. 
“value of the CK field (K) can be 0 to 15, 


1 -CK FIELD | 
DECODE* 


~ Set Program Check 


: . ‘, . - . F 4. 3 
> ; 7 : - . x ; é - : . y a x 


SX2 Sélection Kd "(0 or 1) | 
Operational-Out Reset 


« 


“Set Selector Interrupt 


Set Channel Control Check] K5_ 


Set GRt to Zero 


Not Used 


Count Ready-Not Zero fa 


‘Channel Kesal K9*(O or 1) 
Seppea-Oul K10*{0 or 1) 
Reset Select-Out-” come 


a 


Set Chonnel ‘Busy 
Set Halt 1/O Latch : 


Set Interface Control af KOS 7 
Check | 


*(Oor 1) Esters to the CK Field Parity Bit. 


Figure 4- 34 GB Controls 
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The GB controls are 16 general- purpose’- 


e Turned on under microprogram control. 
| oes | 


Funes P-bit is used as an additional control -bit.. 
The CK field, when used fon these controls, 
, can be odd or even parity since this_ field 
con- is not individually parity checked. — 


equi 


The | ei guee 4-3 shows the GB controls and the _ 
purpose of each. 


—» REASON 


or Invalid Command. 


0 = SX, 1 = Sx2 


he 
“ 


Zero Count Except for TIC, Memory Wrap, Three Low 
Order Flag Bits Not Zero, First CCW isa TIC, Two 
@IC's in Succession, CCW Not on Word Boundaries, 


A Machine Check Trap when H-Register 5 


Latch i ig On Indicates Hardware Failure 
. during selector channel chaining or inter-. 


rupt routine. 


0 = Reset, 1 = Set 


0= Reset, | = Set 


O = Reset Everything Except Poll Control. 
] = Reset Everything Including Poll Control. 


Address Mismatch, No tase caters Time Out, 


Unit Busy on Chaining « 
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with or without the parity bit (P). The. 
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| gC. ‘AND GD REGISTERS 


\ 


| o Both are dines poaieion tegisters. 


| - ° . They keep a. count of the data transfers. 
e They are  initialy set ro the value of the ccw 


°. They are ‘decremented. every selector channel 1 share cycle. 


s ay 


These avaeposieion registers (see ‘Figure | 
4-1) maintain a count of data transfers - 


during the I/O operation 6n selector chan- . 


nel 1. The GC register maintains a high- 


order count, while the GD register 


maintains the low-order count. 


%, 


The GC and GD registers set to the value. 


of the CCW count during the CCW loading 
sequence. They actually set from the value 
of the GU and GV registers, through which 


the count must pass before entering the Gc 


and GD registers. 


GE REGISTER. (CHANNEL STATUS). 


e Set by error conditions during channel operation. 


-@ Reads out under microprogram control. 


et ‘They always set from the GU and GV registers. — 


re 


During selector sharecread cycles 


(data-transfer cycles between main Storage _ 
and selector’ channel), 7 | 
registers contents are gated into the modi- : 
fier, modified minus one, then set into the . 
ve and GV registers 


the GC and GD 


During T1 time of selector share write 
cycles, this modified count is transferred 
from the GUV registers to the GCD reg- 
isters.- 


e Controls premature "ending of 1/0 operations when errors are 


detected. _ 2 

; : | ce 

The GE register contains six, latches which 
are set by error conditions which occur 


when loading the channel with the CCW, or 
by error conditions ourang a channel opera~ 


te [ te, 


tion. 


© Set when the CS field of a microprogram instruction is GF = 


1. Incgrrect length ~— 


2. Program check ~ 

a. Protection check : 
4. “Channel data check : 
Se | 


Channel control check 


_ GE REGISTER (FLAG REGISTER) 


¢ .Five-position register. | 


ad 


s Set with ccw flag information. 


MNRAS nese steam 


6. interface control check, 


Program controlled Gicarcape. (PCI) is 
inserted. on the GE- bus from the GF ness 
ister. 


The GE register and the PCI flag bit. ‘is 


read out on the GE bus to the GJ assembler 


when channel status is being stored in the 
CSW. 
errors associated with channel operation — 
and provide premature ending of I/O opera-. 


tions as aan when errors are detect- 


ed. 


count. | _ . | eo nae 


The latches in the GE register. detect | 
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nostic purposes and for 


This five-position register: (See Figure | 
4-1) sets with the CCW flag information — 


_ during the CCW loading sequence under 
'microprogram control. 


The five flag bits 
are: = 


1. Chained data (CD), bit 0. 
2. . Chained command (CC), bit 1: 


3. Suppress length indication (SLI), 
bit 2. i ; 


GG_ (COMMAND) REGISTER 


e Set under microprogram control, CS is GG 


£ ne 


t 
= 


¢ 


bit 4. , ‘ 


The flag byte of the CCW enters the Gro 


register when the CS field of a micropro” 
gram instruction is GF = GR. | : 


= GR. | aa 


e Four latches will set to the four low order bits: of the Ccw .. 


command code. : 


e The four latches are decoded into control lines: 


1. Read backward. . eet 


2. Input. 


3. Output. 


This four-position register sets with the 


four low-order bits on the ccw command code 


which specified the commands: 


‘N . Read 
2. Write 
Digs Sense 
u. Control’ a 
5. Read backward ~~ 
GH CONTROLS , . Mm wee? Reg 


* ,.Turned on under microprogram control. 


e CS field is GH=K. 


” 


It sets under microprogram control; the 


CS field of the microprogram instruction is. 
GG = GR.- . . | 


The output of the GG register latches is. 


| decoded to furnish control signals: 


e General purpose controls used for diagnostic microprograms, 7 
* and,for various channel micro-program controls. 


GH=K provides 16 possible controls (GK 
field equals 0 through 15) used for diag- 
|nicre program con- 
The’ 


trol of the channel. Sée Figure 4-4, 


GH controls are additional general-purpose 
controls similar to'the GB controls. 
ed 
“\ 


‘1. Read backward. a 
2. Input. ~ pe og 
3. .Output. | 
Section 4 4-7. 


BOS 


9. Program control interruption (PCI), or 


7 


| NAME _ 7 (2 ge 
SX1-SX2 Machine Reset Used by diagnostics only : : | 


et Diagnostic Mode and — 
ag Control 


Reset Diagnostic Tag Control | Used by diagnostics only | | a. ase 


: Channel Switteh Used to Switch Microprogram Control 


“AP 


to Other Channel 


7 | Set Chain Detect Used During a PCI Interrupt i 
: Set Count Ready-Zero Used by Diagnostics Only . | 


Used to Reset Various Latches and Set 
Poll Control When Starting a Chain 


Qperation 
~/ 


Note: 3,5,6,8,9, 10,14 and 15 Bits Not Used. 


Figure 4-4. GH Controls 


GI BUS 
e Nine bus lines. 


¢ Connects bus-in to the GR register 


e ‘Connects bus-in to the channel=contol circuits. 
| | a: p cot | 


The GI bus is a set of nine lines connect- with the status-in line to provide control | 


#ng: bus-in to the GR register and the * unit and device s 
- phannel-control circuits. Entry to the GR : - 
. register is under microprogram control (CS. ae | : , | | 
field is GR=GI), or in the case of data. A parity check is made on bus-in to 


tus for the channel. 


‘transfer, under hardware control. Entries determine if: address and status information 


to the channel control circuits are ANDed from the a a a valid parity. 


GJ_BUS 
e A nine-position bus that provides access to the A-register, ot 
@ ‘Information is put on the bus under microprogram control. _ 


e 


All information is placed on the GJ bus 


r 


‘The GJ bus is a nine-position bus ‘receiving 


information from both .selector-channel 1 °" under microprogram control, as specified by « 


and selector-channel 2. It provides an the CK field in the microword which names 
additional access to the A-register for GJ as the A~register. source. — 
information from the selector channels. { _ 
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GJ ASSEMBLER (SELECTOR CHANNEL 1) by Pe. ; | od : | . “& 


‘ f 


® A nine-position agsembler accepting inputs from the follow~ 
ing sources under microprogram control: | act ? 


we, 3 | , aoe Wy 
GC, register pat Ke 


: | : : r 
..GD register _ | oo 7 


GE bus 


GK register - 


che § 
sh iz 
w RE & 


rie, GO register (diagnostic) 


Channel tags (diagnostic) | | | | | . a7 | * 


ais eae controls (diagnostic) 


e Provides an input to the GJ bus for information transferred 
between selector channel 1 and the A-rejister. : 
ay : 


. Zoey 


Rage 
Z “Pe, 


\. The GJ assembler is a nine-position gate to —sK4_ is GJ = GE 


he GJ bus for the following information 1 
(specified by the CK field) when the micro- K6 is GJ = 


Controls (diagnostic) 
program names GJ as the A~register source: . 


K7 is GJ = Tags (diagnostic) 
4 7 a | | 
Kl is GJ:= GC | K8 is GJ = GO (diagnostic) | 
a ‘k2vis GJ = GD _ _ The output of the GJ assembler (the GI 
oy 


ae. bus) provides one of the inputs to the ~ 
.K3 is GJ = GK A-register | a: 
ae Ls 4 . | 


Me : ‘ im ct 


y eh noe - \ ‘S ‘ , ® ¢ 
. . 4 | . . 7 


(MEMORY PROTECT KEY) 


6.) i 
GK_REGISTER — 


* Set by microprogram; CS is GK = GR. — | rn ae 


° Loaded from CAW (Loc 48 hex). : 7 dat 
@ Output compared against the storage key read out when it is | 


. addressed by the data-address during a selector-share input 
( ‘ ¢ycle. : . 


} 


The GK register is a five-position memor y~ 

protect register. It is set under 

microprogram control from the GR register, 
._ when the CS field of a microprogram ; 
_instruction is GK = GR. - ; 


selector channel 1 will contain the GK 
register. The output of the GK register 
compares to the storage key of main storage 
that is addressed by the data address. 
during a selector-share-input cycle. If | 
the keys are not equal, and the protect key 
(GK) is not zero, the lécation in memory is 
not changed, and a protection-check is | 
indicated in the subsequent 1/0 interrupt. 


The memory- protect register (GK) is 
Optional on the IBM 2030. When the memory- 
protect feature is installed on the 2030, 
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( 
GO_REGISTER 7 | : ic , 
e A nine-position register used as a buffer register fog bus- | 
out information. = | | 
° Inpyt to GO register is from GR register. | 
oe Frees GR for other operations onEeng information transfer on’. = 


bus-out. 


\ 


e one during address-out, command-out, or ‘Service-out. 


The Go register is a nine-position egiater: 


used to. supplement the GR register oe 
information transfers on bus-out. 

Normally, any information in the GR reg- 
ister feeds through the GO register latches 
to the bus-out control gate, however, when 
the address~out, command-out, or service- 
out tag is raised by the selector channel, 


| the information contained in the GR 


register is latched up in the GO register. 
This releases the GR register. for other 
selector-channel operations for the time 


period required to send a command, an 


GR REGISTER (DATA REGISTER). 


eo Nine-position register. 


e Intermediate storage for information Praneterred between 


selector channel 1 and main Storage: 


0 May be set by: 


1. Main storage output. 


is 2. Microprogram. - 


3. Bus-in information. 


The GR register (See Figure 4-1) is a nine- 


position register that is similar to the 


R-register. It is intermediate storage for. 
all information transferred between 


selector Channel i and main storage. 


Like the R- register, the GR-register 
latches may be ‘turned on by several condi- 


' tions: H 


oe Whenever main storage is addressed and 


address, or a data byte to | an I/0 control 
unit or device and receive a reply. «During 
output data cycles, when service-out latch- 
es up the data byte in the GO register, a - * 
share-request is generated to pre-fetch the’ 
next data byte from storage and place it in: 
the GR register thus enabling’ faster chan- is 
nel data rates. Similarly, during data 
chaining, while the last data byte is .held 
in the GO register, the GR register is used. 
to read out the chained ccw and load it - 
into the channel. 
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* GR is specified, or during ‘Selector 
cnannet data cycles. 


2. From the 1/0 inter face bus~in lines. 
3. By microprogram, set GR to zero. 
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| GR, GS, AND GT BUSES a 


e Three buses for address, status, error, and control informa- 
tion to the A-register., ; ; A 


& 


antes 


e GR bus: interface address and status. 

® 6S bus: status and control conditions. 

@ GT bus: in-bound tags and control information. 
| | vd 


The GR, GS, and GT buses provide a- function _ Al 
Similar to the GJ bus, whereby the micro- bus 


_ program is used to test for information / 
_ concerning the interface and the selector 
channels. Figure 4-5 shows. several es * 
and Ene functions provided. ae om \ 2 
” "Direct Input to A Rea ita o yoo f 


Chain Detect ‘Service-in Not Service -Out 
Not Used e Poll Control or Halt 1/O Stop 


| Interrupt Condition | Channel Busy 


CD . . | Address fn 
. 1=Chnl 1, 0=Chnli 2 | - Status In 


Not Used 4 SX1 Interrupt Latch 


Chain Request Op-In 


oe Input to GJ Assembler 


None 


~ None 


Count Ready, Not Zero Input ss 


Incorrect Length SLI Flag 


Suppress Out 


ee Check 


_ Output 


SX1 ROS Request 


Eiptection Check . 


Count Ready, Zero Address Out 


wee 


‘Chinnal Data Check Not i 


ACC Flag 
> nt 


: Réod Backward 


Command Out 


Channel Control Check 


Service Out 


3B 
eo ales 


Interface Control Check Bus-Out Control 


Not Used _ 


Skip Flag Operational Out 


Figure 4-5.. Buses 


: | None ‘ m! 
GR Full | Select In ae . 


i, 


‘entries to the A-register from these 
are under mae aerog Eas cont rol. 
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-.-; GU AND GV_REGISTERS 7 b ee pa es 
-@ Both are nine-position registers... . : i. eo 
e They maintain the data address. a Pee 

These registers hola the address during meleceaE share cycles (data transfer mm 5 
‘selector channel 1 operations. GU cont ains between the selector | €hannel and main | ete 
the high-order address and GV the low Storage) the GU and GV register contents _— we 
order... A count also enters these reg- _. enter. the MN. register to address main stor- , ye 
isters, momentarily, during the initial : age. During the write portion. of the oe ee 
loading of the CCW into the channel reg-: selector-share cycle, the’ contents. of MN. is ere 
isters, and during selector- share cycles, modified and set into the GU and GV. neo ‘© 


after it is. decremented by the modifier. isters. 
i \ 

‘The GU and GV ‘register latches are set 
from the output of the modifier. During 
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GW, GX REGISTERS 
e Two registers combined to serve as a back- -up ROAR to ‘store. 


contents of WX registers during a Bo se ons ROS 
request. _ . | ee ee 


8 Stares location of last. microprogram word addressed. 


* : 
- @ Used during cc chaining, cD chaining, or selector- ehanned: e 
interrupts. ; 


The GW and G x The CC (command cnalniney: flag bit: is 


latches (combined) and are ised as tempora- - On and the end of present operation. has’ 
ry storage for the ROS atidress in the WX been reached with no errors or unusual 
_, registers. when the selector channel makes _ conditions. ao: A 

_f , 4 request for ROS control and breaks into : 

ee the CPU microprogram routine, the location 3 ¢ | 2 

_“~ of the last microprogram word addressed is 2. The cD (data Siatvtaey flag bit is on ie 
put into the GWX registers. When the © ; and the count has gone to zero for the. : 
selector-channel operation requiring ROS is present Operation, and no errors have 
completed, the contents of GWX.are returned been detected in the channel. | ee 
to the WX registers under microprogram as yee po igs“ 2 os. See 
control (gate GWX to WX). The CPU program rr ake NG 8 3 Os oe | Ee ee Oe Bg 
now starts at the location (address) where q 3. ~¢€«A Selettor-channel interrupt a : 
the interruption occurred. CCUrS «. 2 a ee ee ee ee 

A selector’ channel ROS request is ini- | a These are the only tiines when- the: Gux 

tiated when: | Lc | - “fF registers are used as the back-up ROAR. i. 
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ation. 


~-1 for a -read~ backward operation). 
Information’ sent through the modifier is 
modified +1, -1, or 0. The modifier is 
Shared by both selector channels (see Fig- 
ure 4-1). It receives information from: 


\ " 


1. The GC and GD registers; selector chan- 
~nel‘l (count). ae ae 

2. The HC and HD registers; selector chan- 
nel 2 (count) | | 


| € 


_ 3. The MN register; both selector channels 


(data address). , oe | 
4. The GR register; selector channel 1 
. Cloading of the CCW). _ = 

9. The HR register; selector channel 2 

(loading of the Ccw. ees q 
_During initial loading of the CcwW into 
selector-channel 1, the modifier accepts — 
information from the GR register and pro-~- 


s 


vides an unmodified oytput to the GU and GV | 


registers. 


var 


During selector-share read cycles, the 


modifier receives the count and modifies it: 


by -1. This output then enters the GU and 


GV registers. 


During selector-share write cycles, the 
modifier receives 
MN register and modifies it +1 or -1 | 
according to the command the 


nel is executing. During the early part of 


this cycle, the modified count is trans- 


ferred from the GU and GV registers into . 
the GC.and GD registers... Near the end of 
this cycle, the modifier output (data 
address) then enters the GU and GV reg- 
isters. | cM | _e 


The input to the low order of the mod i - 
fier is’ labelled the GHQ input. ‘Thé.high 
A ’ * . . . 7 . ae 


%, 


Ca 


the data address from the 


selector: chan- 


; wLe 
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; : ‘ 
MODIFIER | ; 
a Modifies #1, -1, or 0.- °° 
e Count always modifies -1 during the read portion of a 
-selector-share cycle. pg ae we. 
° émoatfication| ds, always. 0.-6n-daieiai loading of the ccw 
a The modifier out put parity is determined independently fron | aa 
| the modifier data output providing a check on modifier oper- . } 


se It may modify the data address +1 or -1 during the write 
portion of a selector-share cycle (+1 for a read operation, 


order is the GHP input. “The low-order 
output is GHZ, and the high-order is 


¥ 


‘Note that ‘the modifier output parity) 9. :’ 


bits are developed independent of the 


results of the data modification. Similar- 


ly, the high order carry-in is developed | 


independent of the results of the low order. 
This provides a means of | Dee 
checking the modifier and also reduces the = 


modification. 


time required for results to propagate 
through the modifier. a Peat 


e 


Exclusive OR's control the modified. 
outputs (GHY and GHZ). , 
on when the exclusive-OR output is minus. — 


This occurs when the inputs are both of the 
See. 


Same level (both plus or both minus). 
Figure 4-6. 3 


f 


fier-citcuit becomes plus whenever either 
+1 or -1* modification is required. The 
high-order carry-in line becomes plus when 


there is a carry from the low order of the =... 
input has all: 
8 bits on for a +1 modification and allo 


modifier; the GHQ (low-order) 


bits off for a -1 modification. 


Each bit has an AND-OR-Inverter (AOI) 


associated with it. This AOI may furnish a .,- 


carry to the next succeeding position. A: 
carry is indicated by a minus from the — 
AOI's for the-odd bits, and by a plus from 


‘the AOI's for the even bits. 


c 


An exclusive-oR's output will be minus _ 


when its input is either: 
Ls _ GHQ- = 1 and no carry entry. 
GHQ = 0. and a carry entry. 
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Circuit Objectives | es, as 


Assume a read command and a selector-read _ 


Stage latch ring (Figure 4-7.). | | 
 megacycle oscillator (M2) or a 2.667 meaqa- 


. These four pulses are then ANDed 
to provide the four 250 nanosecond (M2) or. 


_+-Lring..are coupled so that cl 


it gates clock=-1 on 
latch, in conjunction with the oscillator 


l : i a ay 
. : . 
@ 
4 is e 4 
es in oo 4 
a : oe ¢ 
re ‘ “OSs eer 
My nah a ~ 


PB 
. 


cycle with a count of seven in -the GC - GD" 
registers. ‘ | SS e- 


1. Turn on ~1 modification of 


_ Selector Read Cycle 


The clock used to develop timing pulses 


for selector channel operation is a four- — 


A 2 


cycle oscillator (M2-I) supplies the input. 
pulses to the ring. This is the same 
oscillator that drives the CPU clock.: The 
clock. latch outputs: are fur 500 nanosecond 
(M2), or 375 nanosecond (M2-1), basic puls- 
es designated selector P1, P2,.P3, and Pu, 
together 


187.5 nanosecond (M2~I) timing pulses 


designated selector Tl, T2, T3, and Ta, 
These T-pulses are used to time all selec- 


tor channel read/write operations. 


the clock 
k-1 on, gates 
On clock~2 and gates off c1é “4 (see Fig- 
ure 4-7). Clock-2 on, gates on clock 3 and 
gates off clock 1. 


The four latches comprisi 


and.clock-3 off. Each 


pulses,, turns on and off in sequence. This 
sequence is repeated until the clock: is. 
= oF ee ae 


4 


When clock-4 comes on, ——— 


eo" 
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"4 6.° Condition GHZ 6~bit. es 


aan _ No carry from bit 7 (GHO 7-bit 
oo with-1 mod prevents a carry) 
 -GHQ 6-bit -  .. Nad ial dh wal 
7. Condition GHZ 5-bit. — 
No carry from bit 6 


— . : ; GHQ 5 bit 
2. Activate reverse GHQ Parity | ! 
Mod-1 _ af - takes in 7 of . ae 
GHQ. 7- Bit 8. GHZ bits 4, 3, 2, 1, and 0 are not - 
ae ‘ conditioned. . det ae ate 
3. Generate GHZ Parity No Carry | ns ts 5 Fe ah 
Reverse GHQ Parity ‘No GHQ 4, 3, 2, 1, or 0 bits Tee 
Not GHQ P-bit : 6 Tae 
4. ° Generate GHQ carry-in. > * 9. GHY bits 0 through 7 are not condi-  — . 
Mod~ 1 _ | tioned | oi . 45. ee 
| | ; re No GHQ carry-out ey 
- 3» Decondition GHZ 7-bit. | me he | 
:  . ? Carry-=In 5 | 4 No GHP bits 0 through 7 
GHQ 7=bit = . | * - | : 
. . a 7 
CLOCK (SELECTOR CHANNEL) re A 
e Four latches advanced in sequence by a 2 megacycle oscilla- | 
tor (M2) or a 2.667 megacycle oscillator (M2~-I). . 2 
‘ , { ” CG Gi ys eats ee 
-@ . Latch outputs provide basic clock pulses Pil, P2, P3, and PY, gt 
e Basic pulses ANDed to furnish selector timings T1, T2,. T3; 2 
and T4, . 8 8 . 
Oe Clock runs only during selector read/write cycles. ste UE, OGRE 


& 


the, timing relationship! between the i //* 
-pulses is/ 


Clock P-pulses and the selector Tf. 
shown in Figure 4-8. 


AND conditions which 


(Figure 4-7). . 
The selector clock runs only dufing —. * 


selector read/write cycles. At this time 
the CPU clock is Stopped’ long. ‘enough to. 
complete the information. transfers ‘to or. 
from the selector channels. 


clock is restarted... : = 
Bt og OG ay 2 ' re 
' The selector clock is started no mally = 
by an SX1l-or SX2- share~request potael - 
4-9). The share request, (not) allow- 
write, and T3 pulse turn on the selector. Z 
Share-cycle latch. © With this latch on, the. 
select hare-hold latch is turned on 
Stopping the CPU clock and Starting the. 
selector clock. The selector clock runs 
for two cycles (read and write) and stops 
if there are no other share-requests. The 
selector clock continues to run if another | 
SRhare~request is received before the end of | 


TS time of: the selector. write cycle. . 
i a ee a ne a 


a 
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Note that an overlap* *~_. 
of the P-pulses is necessary to satisfy the - . 
evelop the T~pulses*” 


: , ‘At the comple- | 
tion of selector read/write cyclés,: the CPU) 
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Selector Read/Write Cycle 
peas Cycte | 1 Clock Cycle , 
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Note '] ~ 500 ns Mod 2, 375 ns Mod 2 | 
' Note 2: = 250 ns Mod 2, 187.5 ns Mod 2 | 
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“Figure 4-8. Selector Clock Timings e * 


* 


Sel R-Cycle Sel W-Cycle’ | CPU R-Cycle 
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Figure 4-9. Selector Clock Start. and Stop 3equence 
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. THEORY OF- OPERATION ye. oO 


‘START 1/0; COMMANDS TO CONTROL urts. “ a | He a eee. ee ced 
_@ A selector channel start. E70: instruction has five phases: | | 
1. Read and load the channel address word Cre oe ar “se 


a 


re Selects a channel. 


3. Loads the CCW into: channel registers. and selects. an 1/0 He ae a! 
control unit and device. an , | ; eo 


ae y OE, ok “ om oe a vo 
, eo a 


4, Executes the cew commana. ct 


5. End the operation. : 2% ote 5 of 


\ 


During I-cydles of a start I/O instruction, “sequence of a. ‘eontrol | unit. and devise: 


the control! unit and device address enter _ After completing the. initial, selection 
the V-regigter. The channel address enters sequence, the microprogram returns to I-. 
‘the U-register. . Because this is a cycles of the next instruction, \while the 
description of selector channel 1 start 176 selector channel, the selected control. 
 Gperation, the contents of the Mr regs SEGr unit, and device execute the CCW command | 
‘is 00000001. : - | ils © <4 .” Overlapped with CPU processing. mnenevee 
ia | _ the control unit requires service\ from the 
A selector: channel start 1/0 tisevacion -channel,. it raises service-in. The channel 
is initialized under .microprogram control. |. stops the CPU clock, honors the r est for 
When the. 2030 rerognizes | an instruction as . service using its own clock and. re isters, 
‘a Start I/0: instriction during I-cycles, it’ and. restarts the CPU clock. ee , 
branches :the microprogram to the I/0 rou- 
of tine. This routine reads out the CAW and a When the channel has Sranerterred a Ny: 
then branches to the selector channel | complete record between the IBM 2030 and an. a 
Dierapt ahs heal rqutine, which*treads the ccw 170 device, the control unit presents end- . 
“out of core: storage and loads it: into sel- ing status to the channel. This- generates 


; ector channel registers. : This microprogram an I/O interrupt unless the CCW fii scalar share 
“eoieane also controls the, initial selection command chaining. “9 | kee 


Roe ® e : wt 
? * 7 4 


_ 


‘REAWAND LOAD CHANNEL ADDRESS WORD (CAW) a 
_ « ’ The same. microprogram routine reads out the CAW for multi- 
ae plexor and: selector channel eueret tae ; 


“oe “Check for ficnitor state. x Be ae . 7 oe 35." om - 
@ Check validity of CCW address. . i | 
¢ "Place. ccw address in Ig register. 7 | C2 - tile, BA 
“| | : oe % 
@ Stereccan memory Brecect key in GK register. - 
The’ CAW is one word focaced in main | | The microprogram routine ‘peads out. the | . 
storage at location 72(48Hex). It reads — - current: PSW° monitor Bit from loca} storage. orn 
out of storage under microprogram control. If the 2030 is -not.in monitor state, the. : 
_This microprogram is' common to multiplexor — rade hc balan branches to an error routine. ~ 
Aaa channel. operations and selector-channel © ae ae 
“operations. Besides reading out the CAW, — . The microprogram now stores the contents. 
- this routine also tésts the current PSW to. of.the instruction counter (IJ register) in. 
. be sure the 2030 is in monitor state. This . local storage and places the address of CAW . 
-is necessary because a start I/0 instruc-. .° byte 4 (4B Hex) in the T-register. . When: a be a 
“tion. is privileged and must be issued wenry start I/O instruction ts being executed, oe tN 
in monitor state. — | i the ee counter has previously eno 


BI6e 


. 4 i | : = a : . ares f ; ' sy [ee 


* : 


|. stored by the Execute. a ee When Addréeses Greater than ¢ ytes. ‘The four ee 


memory is addressed from the T-register, | oo low order bits of byte,1> mereey Rect ect: 
the-Iow order of the CCW address reads out — BYEe) are checked for zero. Bites a ar: 
of storage and into the J-register and is’ | aa | 8s a. oe 
‘checked to-see that. the CCW is on a double _ oe ys 
‘word boundary (3 low-order bits are 0). - ae oak when the CAW esa out is conn eee the 
The T-register decrements by one each cycle _ microprogram reads out the command byte. of — 
and reads out the. remainder of the CAW..-  +the CCW and branches to either-the | 
Byte 3. enters the I-régister. In the IBM selector-channel fetch-CCW microprogram 
2030,. byte 2. is checked for all bits zero ° routine or the muy eee oor channel fetch~ 
_ because storage size does not permit | ccw md croprogram routine. | 
2 “4 ‘ ¢ a: 4. Ti ~ Ge + 
i N - 

CHANNEL ‘SELECTION © Aes , oo : ‘ 
o Test ‘for valid channel address. 

-@ “qurn on selector channel 1 gate. S 2 
e -Turn on poll control. a 3 a awe ee. athe oe eee 
e ~° Store unit address in local _ storage. . | | 
@, ° Store next CCW address in local storage. ‘ 

o Set protect- key in GK register. : 
This _— of : ee noyecese are eeeteiaG on poll control, ve microprogram | 
microprogram determines which selector- | stores the V-register, (unit address) in | 
channel registers to.load by examining the local storage for/later use in a command a 
channel address in theythree low order bits chaining and setting the interrupt code of oo ® 
-of the U-register. If/this address is not I/O PSW. When selector-channel 1 is the § - 7 
valid for the IBM,2039, the microprogram . addressed channel, this local storage. posi~ 
sets the current PSW fondition code to tion is addressed by the statement K5CPU. 

three and returns to/I~-cycles. If the . It is K21CPU for selector channel 2. aan 
channel address is Malid, the microprogram . Be Se | | | oe 
turns on a selectof-channél gate. This is i, ay a gy ey, tac ees 
a description of gelector-channel 1 start =. The microprogram also stores. the address... 
I/O operation; tierefore, | wt i of the next CCW in local storage for later cae er 
-selector-channel-1 (SX1) gate’is turned on © use in command or data chaining and CSW i. 
by the statement GB=Ki,0. . With Sx1 gate store. The statements for storing this. 
‘on, any subsequent micro-words affecting address in selector-channel 1- local eterecete 


selector channels will be directed to. - is K6CPU and K7CPU. . They are K22CPU and 
eo selector channel 1. This allows selector: a K23CPU for selector-channel 2. ASA ESO, ee gee 
».,@hannel 1 registers: (G prefix) to be loaded 4 poe ae a e 
a e by. | the’ soa ae ia | | | aa 
: “ “Tf a-'2030 bees the memiory-protact feature <a 
e@ ie , ‘the storage-protection key of the CAW is oe - my 
| The. microprogram now tests the GT lines stored in the GK register .:’ When any CCW in 
Mi to determine if the addressed channel is —  . the start I/O chain is an input « CCW, the- i 
~ busy. If it is busy, the microprogram sets storage protection kéy (GK) is compared | ae 
. » the current PSW condition code to two and = with the storage key that~is read out. with ee 
returns to I~cycles, . | | -. each data storage cycle. If they are nO ot 
: ee ee \ | er cae equal and the memory-protect key is not. 
a. * _ | : | *- gero, the location™~in storage‘is not ag 
- AD -. Assuming the channel address is valid  _ changed, and a protection-check is indicat- o 
- "andthe addressed channel is not busy, the ed in the eupeeivent: 70. Elam dae ae eee 
| 3 ‘ microprogram attempts to capture polling, ar eer 


: r } | -, that ‘is, not to honor any request~in sig- = 2s ¢ | | 3 ec 
. wR | + mals. If polling is not captured within | NOTE: The ‘microprogram documents ‘epecity: — 
. |. 768 microseconds (M2) or 576 microseconds . _ eo locations K5, K6, and K7., If SX2_ 

wp ea (M2-I), a time-out error occurs. Poll en - gate is on, the cate ee ea, ae 
J @ | control cannot be turned on {ff there is a — --- * dieally address locat K21, K22, . 0-3. 
ie - select-out or an operational-in. . After a and k23. Sera | | ; 


©@ | _ : 8, 2. Section 4 4-19 °° 
aware ™ ” \ i “ . r A % . . 5 2 e ? | oe : 


ie SELECTION AND CCW LOAD 


» 


@ Select the I/o'control unit and device. 
e Place the command into the GG register. 


e Send command-out. 


e Load the data address into the GUV registers. 
‘i 4 


This phase of the microprogram routine 
 ° performs two major functions: 


It loads the CCW information in 


de 
| channel begs etere= 


a It geieces an 1/0 control unit ‘and. 


device. | i ss 


The ccw reads out of main storage into 
the GR register. The flag byte reads into 
the GR register and then into the GF reg- 
ister. The count reads out, enters the GR 
register and. then the GUV registers momen- 
tarily. . The microprogram now reads out the 
os ae unit address from local storage and places 

. ‘it into the GR register. The count in the 

_.. GUV 'regiSters enters the GCD registers. At 
Pl time of the next: cyéle, bus-out control 
is raised gating the. contents of the GR 
- register to the bus-out interface lines. . 
During: this same cycle, the unit address is 
placed into the R-register for comparing 
with the address from.the device. At T2 
time of this cycle, the addresg-~out -latch 

is turned on. This séts the GO register. 

‘ latches with the contents of the GR reg-. 
-ister. At T2-time of the next microword, 
the select-out latch is turned on, Bela, 

| the hold-out tag line. | 


“While. doing this, the mi croprogram ance 
he count to insure that it is not zero, 
: even on operations that do not requitre:a 
...' @data transfer. It also. checks the validity , 
_ *. of the CCW address (high order byte must be” 
~ 00). and tests the flag byte to insure that 
-., ~this three low order bits are zero. If . 
- either the command is invalid, the count is 
“not zero, the data-address is invalid, or 
the three low order bits of the flag byte. 
are not zero,-the microprogram branches to 
an.error routine (set program check). 


: . 


 he20 


@ Check for a valid flag byte (three low order bits zero). 


8 Place the flag byte into the GF register. - é 


BI8 * “~ 
ra 
© 


@. Check for a valid TIC on af ‘tic command (if the first Ccw is _ | | '# 4 
\ a TIC, a program check occurs). ; i ~ _ ee : 
© Check for a valid command (not zero). S. : 
_@ check for a valid count (not zero). oe _ | ae, * | ; 
. Load the ccw count into the GCD registers. — a 2 


c 


: a‘ a 
3 . # - a 
* * x vm 

“ : : : , 
8 . 

+ ae : a 4 bt * & “ aaa 

_ po _ . i ca ae rer : ‘ 
a a = ‘ 5 ns oe Beles Skee ree het hs 2 it chee ee eight ee Bel hg sah ie, ates Poa 
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When the control unit raises 
operational-in, the address-out latch 
resets, dropping address-out. The control 
unit. waits for address-out to fall at its: 
input, raises address-in, and places its 
address and the addres s of the selected 
device on bus-in. “When the channel 
receives address-in, the, microprogram plac- 
es the bus-in informatign into the GR- : 
register. The microprogram then compares 


* 


ois 


Li 


~ the R-register contents to the GR-register — 


contents. If they do not match, an 
incorrect control unit or device has been | 
selected and a mismatch error occurs — 
(interface-check latch is turned.on & 
GB=K15). oe | ar a 


wot 


se a 
Ae, 


If there wert ‘mo-errors, ati comma nd 


3 


this time, the low order four nace of the 
command byte are placed ihto the GG -_. ‘ 
register. The microprogram then turns on 

the GA register command-out latch, raising 
command-out. When the control unit resets 
address-in, the channel command-out latch | 

is reset. While this is._taking place, the 
_microprogram places the data address into 

‘the GUV registers and tests for status-in es 
from the control unit. — 5 why 


“ext, the microprogram tests. for zero 
_status and turns on the service-out latch; . 
eae service-out. If the status is . 

the microprogram sets the count- _ 
eady-not-zero latch and the current PSW | 
penaeice code to zero, and returns to -. 
I-cycles of the problem program while the | 
selector channel] executes the CCW command. 
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— SELEGTOR SHARE CYCLE ~‘ — & ook ss bg, Oe he 

7 : te id 4 , . , oa ei s \ < Py ee - 

a @ — Stops. the ‘cPU clock and takes one storage cycle. ee gg ae  S 

are ‘e.° Controlled only by selector-channel clock and registers; it : 

* does not involve any mi croprogram rout ines | - ee _ ee ie es 
‘ ® Bees -not disturb the contents of any CPU registers. aon ee . | Moe 

‘ ; A selector-share gee is 2 sieeoséconds: For input, a ‘select ox share cycle is 


~ 


It 
75 


initiated by the rise of° ‘service-in, which | 
signals the arrival of a byte of data. For 
output, a byte of data is pre-fetched from 


(M2) oy 1.5 microseconds (M2-I) Iong. 
consists of a 1.0 microsecond (M2) or a 
microsecond (M2-I) read cycle and write 


- 
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: Fag es . 
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' an input selector-share cycle. 
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| Selector channel stops. selector“clock and 


Figure 4-10, shows the timitig sequence of 
To follow 
this timing chart, assume that the GR~full 
latch is off when service-in rises. This 
indicates that the information on bus-in 


+Mmay ee GR pe eee ort 


cd 
\ 


nanoseconds, th® GR-full. latch turns on, 

and service out is, sent to/’the 170 device .. . 
to indicate that a\byte of data has been ~ 
accepted. The SX1-Share-nequest line 
remains on until a selectgr-share-cycle is | 
initiated. It is an indfcation that the 


channel will assume. control of core storage me 


at the end of the preset read/write a 
RESO /COMEUEC/ SELLE sequence. : 


FIGURE | ee 


ah “ 
a Sys = ae i 


starts ‘CPU clock. 


At T3 dies ‘of the CPU. write or. ai daged 


cycle the selector-share-cycle- latch turns 
on providing positive indication that.the 


channel will assume. central of core phorige 


at the end of the write Gycle. At T4 time - 
of the samé cycle, the select or-share-hold © 
latch turns on. This latch; stops the CPU. 


clock at the end.of T4& time. and starts ne 2 


registers. (data-address). are | ernie 
registers and at selector Tl: 
his address is set into the. 

Also at selector: T1 time, ‘the, 


read cycle,,an@é.a select6r read- 


read cycle: gates the GCD registers 


(count) to the GHP’ and GHQ buses pacha al = 


gou' 


eatry) 7 at Oy. ) | 


, _ €: 


‘The rise of the eee n’and not =’ selector - ‘clock. 7 ae ae oe 
service-out line activates the oe oat | ao, ad ae 
-§X1-share-request 1 lL the set bus~in —_ | one 7 
to GR pulse. ter/a delay of 125 a With bie Galeceorcehare- cata lateh ony. 


reg- ae 


d-cycle latch turns on indicating a og 


generated and sent to main storage. - 


wo 
| © | 

a *.cycle. & selector- share cycle is storage and placed. into the GR register 

on as performed under control of the selector ' providing the count ‘is’ ready and not zero, 
ie ."@ channel clock and registers with no micro~ and. the. GR register, is free. to serreet the = * 
@ “ uae os samen involved. 2 : eta: 
- | Ss a.“ q 

e r ; a ~, Ms : : 
i --«sInput Selector-Share Cycle | og «= os aaeee | : i 
@ —@~—s«Read, (Read Backward and Sense commands. | | | | a 
tg Seg peuteol unit places: information on bus-in “and raises ; st | | 

“@ service-in. : ie ple nn ae 

a e The information enters the ee ts if the GR register te | Me ed. £9 

oe ‘not in use~ & i or Sg 

oo 7.0 After. the information has entered the GR register, the fei- . 7 

° ector channel raises service-out. — are seh 

ey * e The sélector channel stops the cpu clock and. starts the» : 2 oa 

oe | Selector clock at the end of the current \microword or’, if a ee 2 A Se 

a, storage cycle is in process, at the end. of that read/writé ee 

reine or read/compute/write cycle: _ tee “ 

-@ ® seidgtor channel stores the input information, and updates 2 87 8 a a | ; 

 - the ¢ t and data address. <i ° ue 7 | = ; 
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Service-In 


Gate Bus-In to GR . 


Set Bus-In to GR -. 
SX1 Share Request ; 


Allow Write Latch 


eae : 


z 


GR Full Latch 


2 Sen 


Service Out 


Gate GUV Into MN 


oe a 


} =, — | —_ evel 3 
o wn a w Nn 


t 


S SXT R-Cycle Latch . 


a 


GHP & GHQ = GCD (Count) _ 
7 -GUV = GHY & GHZ | 5 | po : . 
ne ) i ee © ) , ies 
7" S116 | SX1 RAW Control Latch | |. | ee ey 
— 17 Count Ready and Not Zero Latch ; @ , "| . | ‘ ° ee 
» a SX1 W-Cycle Latch | aie 
cs GHP & GHQ = MN’ yy 
| | 20] Gd = GUV (Count) 
ie oe 2 aa | BOP ees 
| 21} GUV = GHY & GHZ (Data Address) \ 4 
as | ars Zero 
a ae Figure 4-10. Input Selector Share Cycle 4. _ ; 
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Circuit Objectives 
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1 fh. 


During the read cycle, the modifier 
subtracts one from the count and places 
.~this modified count on.the GHY and GHZ 
buses. At T4 time of the selector read 
cycle this modified count is placed into 
‘the GUV registers. At the same time, the 
decremented count is tested for a zero 
value. If it is zero, the. 
count~ ready-and- eee zero lat ch. is reset. 


; 


At T3 time of the read cycle, the SX1 
read-write’ control jlatch turns on. The 
purpose of this faten is to eliminate 
timing conditions during the transition 
froma selector read | cycle to a selector 
write cycle. The latch is reset at T3 time 
of the write cycle. 


The AND condition of SX1 read-write 
control latch and Tl time provides the 
reset for the SXl-read-cycle latch and the 
‘set for.the SXl-write-cycle latch. This: 
condition also sets the contents of the GUV 
registers. (modified count ) into the GCD 
registers. a | 


The SX1-write-cycle latch, when on, 
gates the contents of MN (data~address) to 
the GHP and GHOQ buses. The modifier then 
updates the data~address either +1 or -1 
_(-1 for a read- backward operation). At T4 
“time of the write \cycle, the modified data- 
address is set into the GUV registers. af 
at this time the ae count is zero, the 
- count-ready- zero datch is turned on. 


time of the write cle;-the selector- 
share-hold latch remains -on and’ the 
Selector channel proceeds with another 
Share cycle. If service-in does not rise 
before the end of T3 time, the selector- 
share-hold latch turns off at T4 time and 
the CPU clock restarts at ene end of 
selector T4 time.) — tee 


4 


I. ‘Initiate a selector-share cycle: 
a. A éont rol unit raises service- in to 
; indicate a request for service. | 
b.. Store bie=in information in GR reg- 


~ 


ister. 


. (1) Generate the gate! bus-in to GR =~ 


oe 
& 


(2) Generate the set bus~in to GR. line 


(a)- Service-in not Service- out dei- 
cigar | 


If service-in rises before the end of 73. 


7-~ 


line. Input, count ready and not 
,° Zero, not poll conerets and SX1 R/W) 
control. | 


ae 


2. 


Not Selector Channel 1 
. cycle 


(b) write — 


(c) GR-full latch off 


(da) Input &, 


(e) Count ready not zero. 


(3) Place Bus-in information 


into GR 
register. 7 


(a) Bus-in information 
(b) Gate bus-~in: to~GR | 
(c) Set bus-in to GR. 


c. Raise sl ac 


1) Generate service Signal 


ae Set bus-in ‘to. GR delayed 125 


nangseconds:. 
(2) Turn on GR-full latch 
(a) Input 
(b) Service ‘@ignal a 7 + 


(3) Turn on service-out latch. 
coo Service signal 


(by (Not) set bus-in to GR 


eanerate selector channel 1 (Sx. 4) 

Share request | 
tt a. 

wD Service-in not service-out, not 
Halt~I/O, and coynt ready not zero 
(This, generates: SX1 Sr 
until GR-full. comes on and servic 
out is given). : 


Input operation, GR full, and count 
ready not zero (This holds SXx1 
share-request on arter service out. 
is given). 


(2) 


(3) Output seeeseieh. GR not full, 
count ready not zero. This holds 


$X1 share-reg on after service out 


4 


is given). 
aan g ' a 
Request a selector-share cycle | 
a. Stop CPU clock at the end of a write 


or urimasked cycle and Start the 
select or~share ‘cycle. 


(1) Turn on sae sae i latch ~ 


(a) “SX1 share request . 


& 
-(b) Not selector channel 2 (SX2) 
share request or not SX1 write _ 


— -Section.4 . 4-23" — 


ity codmtrol.. Assume the ljnes 
‘are n active). 


Re _ 
oS rite latch off (turned off 


at CPU write T2 time). 


_cycle (this is part of all 


(d) Selector-share count-3 latch off 
or not H6 (part of REroere’ 
control) 


(e) ‘CPU. 13, Sel T3, or not oscillator 
_ pulse “Cin case CPU clock is off) 


(2) Turn on selector-share-hold latch 


. (3) Sel T2 time Se i a 
(a) Selectorsshare-evele latch on es 
“ee Turn on SX1 ‘RW control lateh — 
| (b) CPU T4, Sel T4, or oscillator me a ) 
‘ ‘pulse (in case CPU clock is, off). | ) SX1 read ‘cycle. latch on- 


(3) Turn off CPU clock - 


(a) Selector-share-cycle latch (on) 
pulls down the clock-start line. 


(b) CPU clock continues to the end of 
_ CPU T4 time then stops 


(4) Turn on selector channel clock 


(a) Selector-share-hold jatcn and not 
osc. pulse turns on Sel~Pl latch 


3. Execute selector-share read cycle. 


a. Turn on read-cycle latch 
CL) SX1-share-cycle latch on 
(2) Sel T1 Time 


(3) SX1l-read/write (R/W) cont rol lat ¢h 
off 


b. Address core ‘eit. 
(1) Generate gate GUV to MN 
(a) Selector-share-cycle latch on 
(3) SX1-read/write | 
(b) SX1 R/W control latch off 
"GY Generate Set GuV to MN 
(a) Selector T1 time: 
* (b) SX1 R/W control off 


c. Decrement count 


(1) Gate GC and: GD registers to the GHP 
, and GHQ buses Wy a. 


. fa) Ge, ahead: 


a) ee re a res 


d. Generate selector read-call 


_@. Generate selector auxiliary read call 


Con 


Sis 


(b) Selector-1 read cycle ‘latch on. 


(ay SX1 R/W cont rol latch off o 


: @ SX2 R/W cont rol” lat ch off. ere 


i a 
ARS 
are 


(3) Sel T1 time — 


(1) SX1 R/W control latch off - ae . 


(2) Sx2 R/W control latch’ off. 


a 4 
ty . ran 


(2) ‘sel ‘73 time 


g. Place decremented count into GUV 
registers | | 


(1) GHY and GHZ buses (modifier output) 
(2) Selector read cycle — 
(3) Sel T4 time _ 


h. If Count is decremented to zero turn 
off count ready and not zePO latch 


(1) SX1 read cycle 
(2) GHYZ zero (count equals zero) 
.@) Sel T4 time | 


i. Turn on channel conevel check latch 


if modifier parity check or carry~out - | 


check is detected during the. meLEctor © 
read cycle. | 


(1) 8X1 modifier check = si 
Modifier parity even, or mismatch 


between CHQ Carry-out and GHZ 
sy rarey Ou 


(a) 


(Cb) Set read evene 
‘(c) Sel T4 time 


(2) Turn on channel control latch if 
-even parity in M or N register 


(a) ak register parity check 

T3 time of selector read cycle 
j. Ifa channel control check was | 

detected, reset count ready and not . 


zero latch (This latch normally stays 
on fer the complete data transfer). | 
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eo = 
- Status stop condition en . £. Reset GR-full latch 
eo (1) channel control check | | po 
(1) Input | 
| (2) Interface patrol check . - | - 
: @ (3) Channel data check ; . (2) SX1 write cycle . 
7 (4) Protection check ; | (3) Sel 12 time s 
a eo | (5) Program check - 2 | cr ‘ Turn on count ready and zero latch 
e. Execute selector write cycle (1) Count ready and not zero Jatch off | 
a. ‘Turn on SX1 write cycle latch — (2) Sx1" write cycle a! 
- % +) SX1 R/W control latch on . | : an Sel Ts time 
; (2) Sel T1 time_ | ee ts (4) Not status stop condition | 
be. Place count into GCD registers , h. Reset selector-share-cycle latch 
(1) Generate GC and GD sets | | (1) Not. SX-1 share aes | | 
(a) Sel T1 time | (2) Sel T3 time | 
(b) SX1 R/W control | _— (3) Allow write latch off — 7a ne 
(2) Place count into GCD registers _ q = Reset selector-share-hold latch — 7 
(a) GC and CD sets _ . ae) Sel T4 time | 


~ (b) GUV gutputs Si (2) Selector 1 share cycle latch off 


am, 


c.. Update data~address | 7 (3) Selector 2 share cycle latch off 
(1) Gate MN register to the GHP and GHQ- j- Place updated data~address. in. GUV | 
buses ‘ ae registers 


(a) MN register outputs | (1) GHY and GHZ bus information. 
' (modifier. out put ) 


City : : # 
@ 


(b) SX1 write cycle 


| | . (2) ‘GU and Gv sets 
d. Generate selector write-call > | A pee ; 


* (a) SX1 write cycle 


- 


(1) SX1 R/W control latch on 


7 | | {b) Sel Ta time 
(2) Sel T1 time 


; | | _«k) Stop selector clock and start CPU 
“@. Generate auxiliary write-call 2 clock . a 2 | 


(1) SX1 R/W control latch on (1) Select or-share-hold latch off 


e 


(2) el T2 time | | -.~ (2) Clocks-start line up. 
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er ees 
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.- Output Selector-Share Cycle, | om : 


.@ = Write and control commands. | | : 
. ‘ apes my . Ae Pee ° , = ; 


e A share- request is initiated by the GR-full latch off; 
information in the GR-register has been transmitted to an 
I/O control unit. eos Ss | : 


. 


ve Selector channel initiates a selector-share cycle upon com- 
“pletion of initial selection. | 
: : 


wt ® 


“e | When service-in rises: | , . , 
1. The bus-out control latéh turns on to gate the GO- 
register to bus-out. oo 


2. Service-out rises (after a delay of 125 ns). S a 
dix Service-out latches up the GO register and frees GR for 
angther byte of data. Ia © oh | : 

d 


~ @ 
t 


i , i 4 ; 
4. GR-full latch turns off. 
¢ When the GR-full latch ts off: 
; ¥ oon . ; oe : 
1. A selector share-request is generated and the CPU clock 


stops. The selector clock starts when the present CPU 
R/W or R/C/W sequence is complete. 


; ; ee 
ee 2. Data address enters the MN register, and selector read 
call is sent to memory.» ae | . 
3. Data from memory enters GR register, and if service-out 
is reset, the data feeds from GR into the GO register. 
4. Modifier updates the count and data address. | | i 
‘ : : j fe : ; rig ‘ ~epe . 
5. The selector clock stops and CPU clock starts. 
e Figure 4-11 shows output selector-share cycle timing. 
“Bor output operations, the selector _ out control latch which.gates the Go-:. ‘£ 
oI channel attempts to have a byte waiting in register information to bus-out. After a 
the GR and GO registers (same byte in both delay of 125 nanoseconds, the channel 
registers) before a.control unit raises 4 resets the GR-full latch and raises 
service-in calling for that byte. Because service-out. This identifies the informa- 
of this requirement to look ahead, the tion on bus-out as data (either record data 
Selector channel initiates a selector-share ‘or control data). Sérvice-out also allows 
cycle immediately following the initial the GO-register latches to latch, holding ~': 
selection of a control unit. the data on bus-out until service-out 
Se ey falls. This. allows the channel:to reset : 
When the selected control unit raises the GR-register and load it with new data 


Service-in, requesting a byte of _ while maintaining data on bus-out. 
information, the channel turns on the bus- oN 
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Allow Write Latch 


OTT F ceeeerct weneeet eaSRe 


SX 1 Share Request ; 


SX] Share Cycle Latch 


| 


i 
) 


Selector Share Hold Latch 
Gate GUV to MN 
7) SX1 R-Cycle Latch” 


GCD to GHPQ (Modifier) Count 


GHYZ (Modifier) to GUV 


0} SX1R/W Control Latch 


Gate Detectors to GR 


$X1 W-Cycle Latch 


& 


MN to Modifier 


GUV to GCD 


Store GR Latch 


GR~Full Loteh 


~ : ! 


| Service in © 
Bus-Out Contro! Latch 


Service Out (GO Latches) 


* 


Figure 4-11. Output Selector Share Cycle 
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; by one, 
registers (GUV). 
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When the GR-full latch is off, and the 
count ready and not zero latch is on, it 
initiates a selector~-share request. A 
selector share-request may also be initiat- 
ed by service-injnot service-out, count - 
ready and not zefo, and not halt I/0. The 


GR-full latch turns off at’ the same time 


the channel raises service-ou¥. If the 


GR-full latch turns off before the end of 


T3 time of either a CPU write cycle, an 
unmasked cycle, or a selector-share write 
cycle, the selector-share cycle begins at 
the end of TU time. 


A selector-share cycle consists of a one 
microsecond réad cycle (R-cycle) and a one 
microsecond write cycle (W-cycle). For 
M2-I,, the read and write cycles are .75 
micrOseconds long. 


During the R-cycle, the data address 
enters the MN register, addressing re 
storage. The information in the cogre- 
Storage position addressed enters tha GR- 
register (does not become stable until 
W-cycle). Also during the R-cycle, the 
count enters the modifier, is decremented 
and enters the data-address | 


_ During the W-cycle, the aunt enters the 
count registers (GCD) from the data-address 
registers while the data address enters the 
modifier from the MN register. The data 
address is modified by plus one. Also, 
during a selector-shage W-cycle, the GR 
information regeneratés the addressed core- 
storage position. At the end of the w- 


_ cycle the updated data-address enters the 


data~address registers (GUV) from the 
modifier. The 2030 returns to CPU cycles, 


.at the end of a selector-write cycle unless 


either selector-channel 1 or 2 has a 


request for service My the end of' selector 


write cycle T3 time. 


Circuit Objectives 


1. Load GR-register with the first. output 
byte. 


a. Stop CPU clock and start selector 
clock 


(1) Generate SX1 share-request 
% 
(a) Output operation 


(b) GR-full latch off 


(c) Count-ready-not zero latch on 
(turned on by GB=K8,1 of start 
I/O microprogram routine).. 


(2) Turn on selector-1 share-cycle 
latch 


(a) 


(b) 


(c) 


“™= (4) 


a> 


y 


Allow write latch off (turns off 


_at T2 time of a write cycle). 


Not SX2 share-request, or not SX1. 


write cycle 
CPU T3 time ed 


SX1 share-request. 


(3) Turn on selector-share-hold latch 


(a) 
(b) 


Selector 1 share-cycle latch on 


CPU TU time. 


(4) Stop CPU Clock 


(a) 


Selector-share-cycle latch on 
prevents the CPU clock from 
Starting another’ cycle. 


(5) Start Selector Clock 


(a) 
(b) 
_b.. 


Selector-share-hold latch on. 


Oscillator pulse. 


Place data-address in MN-register. 


(1) Generate Gate-GUV-to-MN Register 


(a) Selector 1 share cycle latch on 


(b) 


SX1 R/W control latch off 


(2) Generate MN register set pulse 
\o ne &. : 


(a) 
(b) 


wv 


Sel T1 time 


SX-1 R/W control latch off * 


Cc. Execute selector share read cycle. 
. 


(1) Turn on SX~1 R-cycle latch 


% 


(a) SX-1 share @ycle latch on. 


(b) 
fe 
(c) 


SX-1 R/W control latch off. 


Selector T1 time. 


(2) Modify count by minus one. 


(a) Generate - 1 MOD GHPQ 


(b) 


SX1 read cycle 


Place count (GCD register) on GHP 


.. and GHQ buses (modifier input). 


GCD register output 


SX-1 R-cycle latch on 


(3) Turn on SX-1 R/W control. latch 


(a) SX-1 R-cycle latch on 
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(b) Selector T3 time. 
(4) Place storage data in GR register 
(a) Generate gate detectors to GR 
line. 
Output operation 
SX~-1 R/W cont rol latch on, 


\ 


(b) Place storage data jn GR regt 
5 ister. 


Storage data out 
Gate detectors to GR 
(Memory) data ready 
(5) Place count in GUV-registers. 
(a) «Generate set-GV and set-GU lines 
Selector Tu time 
SX1 read Vere 
ad. Execute selector share ‘write cycle. 
(1) Turn on SX-1 W-cycle latch. 
(a) SX-1 bakes control latch on 
(b) Selector T1 ‘pime 
(2) Turn off re ee latch 
(a) Selector T1 time 
(b) SX-1 R/W control latch on 


(3) Place count (GUV registers) in GCD 
registers. 


(a) Generate GC and GD set lines. 
-SX-1 R/W control latch on 
Selector T1 time 


(b) Place GUV-register in GCD reg- 
Stee 


GUV~register output 
GC and GD set lines 


(4) Modify data address plus one 
(assume a write CCW). 


(a) penerere +¢ 1 Mod GHPQ” line 
“sxa write. cycle 


Not SX1 read backward 


C09 


(b) Place MN register on GHP and GHQ 
buses (modifier input buses). - 


MN register outputs 
SX1 write cycle 


(5) Regenerate core storage. 


x 


(a) Turn on S8tore-GR latch 


SX1 R/W control 


Sel Ti time 
(6) Place modifier output in. GUV- 
register. 
(a) GHY and GHZ buses (modifier 
output) 
(b) Selector T4& time 6a 
(c) SX-1 write cycle | 


(7) Turn off R/W control latch 
(a) SX~1 W-cycle latch on 
(b) Selector T3 time 

(8) Turn off W/cycle latch. 
(a) SX-1 R/W control latch off 
(b) Not selector P3 Sane 


e. Stop selector clock and start CPU | 
clock 


(1) Reset esucaedemaann latch 
(a) Selector T4 time 
(b) Selector. 1 share-cycle latch off 
(turned off at selector W-cycle 
T3 time. | | 
(c) selector 2 share-cycle latch off 
(2) Selector clock stops and CPU clock 
starts at the end of selector W- 
cycle T4 time. , 
2. Honor a request for service. 
a. Service-in rises. 
b. Generate SX1 share request 
(1) Service-in not service-out 
(2) Count ~ready-not-zero latch: ‘on 
(3). Not halt I/O instruction 


c.. Place Go- register contents on bus- 
out. fs 


Section 4 4-29 


prevented from taking two 
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(1) Turn on bus-out control latch 
(a) Halt I/O stop latch off 
(b) Output operation 
— (e) GR-full latch on 
(a) Service-in not servicé out 
(e) Not SX1 status stop condition 
(2) Place GO-register on bus-out. 
(a) GO-register out put 
(b) Bus-out control latch on | 
d. Raise Service out. 
| (1) Generate service signal 


A ? 
(a) Bus-out control latch delayed 125 
nanoseconds | 


4, Note: The GR-register contents may 
: ; now be changed with no effect on 
(2) Turn on:service-out latch bus-out. | 
Channel Share Priority | | 
® Determines which channel can originate a share cycle. . ae 


e With all channels requesting service, priority circuits .>\) 


allow: 
Selector channel 1, 50% of the time. 
Selector channel 2, 25% of the time. 


The multiplexor channel 25% of the time. 


The priority assignment of the channels 
is fixed by circuit design and cannot be 
Changed. Selector-channel 1] has the 
highest priority followed by selector- 
channel 2, then the multiplexor channel. 


The priority circuits are effective only 
when more than one channel requests service. 
With all channels requesting service, : 
selectorichannel 1 assumes control and 

turns on the Sxl share-cycle cycle-latch 
(Figure 4-12). Selector-channel 1 is 


Share cycles if 
the SX2 share-request line is active. 


The counting circuit in Figure 4-12 
determines multiplexor, channel priority. 
With all channels requesting service, three 
selector-channel cycles may be taken before 
the multiplexor channel obtains priority.. | 
In the following example, selector-channe]: 


il and multiplexor channel request service 


simultaneously. Note that a write cycle 


for either selector channel steps the 
counting ‘latches. Reter to Figure 4-12. 


“Vs req 
the 
4-30 (6/69). | 


_— : ‘ 


elo 


In all instanves ‘yhe 
uests a storage p¥cle, it has priority 
over the CPU and . 


Nua) Not Set bus-in to GR. 


(b) Service signal A 
(3) Turn off GR-full latch 

‘(a) Output operation 

(b), Service signal | 
(4) Hold Sx1 share request line. 

(a) GR-full latch off 

(b) Out put seetas tee 

(c) Count-ready~not zero latch on 
(5) set GO- register latches 


(a) Service-Out 


Counting latches 
by CPU Tl pulse. 


Selector-channel 1 assumes .priority 
because the third counti latch Ds. not 
active. This condition gates the , 
turn~on of \the selector-channel 1 shark 
cycle latch, - ee oh 


too 


After three sélector-channel write 
cycles, the active output of the third 


counting latch combines wi'th multiplexor 


share request to degate the: turn-on of 
‘either sglector-channel share cycle 

atch. Multiplexor channel now has 
priority. — | ‘ 


4 aa cee 


¢ 


only ene channel 


e request is honored at 
write or unmasked cycle. 


\. L FIGURE! 
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(CNT 1,2,3) were reset . 
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. CCW ENDING PROCEDURE == ° 


‘y 


oe The ending procedure is imitiaee By ending status Presented 


by a. eonesoe unit. . 


request fo 


baal 


A control unit may present ending status to 
the channel: : 


during initial selection. \ 


when the number of bytes spec by 

the CCW count have been trans or 
when the device cannot send or accept 

more data senanne?: end status). 


”" when an I/O device has completed the - 
execution of a CCW, and is ready to 
accept a new command (device-end 
status). 


During initial selection, a control unit 
may present channel-end and device-end 
status to the channel to indicate a command 
that requires no data transfer. 


A control unit presents channel-end 


. status to the channel when the number of 


a & 


_. bytes specified by the CCW count have been 
| transferred, 


or when it cannot send or 


accept any more data. A control unit may 


‘also present device-end status at this 


time. This is the case when the I/O device 


is in a position to accept a new command. ~ 
-Tape units and file-control units are. good 
‘examples of 1/0 devices that keep pace 
‘the data transferred on.the. interface. 
a” “control unit may present device-end 
“status to the channel when a selected | 
device gémpletes the execution of a CCW at. 


with 


some time after the control unit has pre-_ 


_.,,8ented channel-end status to the channel. 
_.. Fort ex4mple, a-buffered device in an output 
_. operation presents channel-end status when 


i) 
‘b 


¢ 


the data transfer is complete, operates on 
the data:-in the buffer, and presents 
device-end’to the channel when the ccw 
execution is complete. 

be m 
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| off. 


€ a 
a 


@ ‘Ending Btat, 1S may Anitiace a request for a new Ccw or a 
an interrupt (a new CCW if command chaining). 


The channels respond to status-in in - 


 @ifferent ways, depending-on whether the 


command-chaining, bit of the CCW is on or 
If the CCW specifies command chain- 
ing, the channel initiates a request for 
the ROS chaining microprogram routine. 
This routine loads the next CCW into the 
channel registers and goes through ‘an ini- 
tial: selection sequence.after.which the 


‘interrupted microprogkam is restarted at 


the point where it was oT 


; ear i 
a RO ies 
ey ‘: 


When the channel receiv ending status, 
and the CCW doeg not’ speci: y, eas chain- 
ing, the channel. activates’ 
interrupt-ROS-request. This causes. a trap 
to a selector ¢hannel microprogram which 
turns on the SX-1 intergpt latch in the. 
channel. It actepts'the device status if 

he channel~busy atch is on, or stacks the 
status back to the control unit -if the, 
channel busy latch is:off. Now, if the 
current PSW has the Ivo interrupt mask-bit 
for this channel set to one, the channel 
calls for an I/O interrupt. When the CPU 


honors this request for an interrupt, it — . 


= 


- 7 
; rs s - = ‘ pee J 
a ae mate & es . - is : 


stores'the current PSW (presently in,locai §- 


storage) in the old-I/0-PSW location, loads . 


the Channel Status Word (CSW) with the 
required information, and loads the PSW_ . 
from the I/O-new-PSW location into the 
current PSW location in rOCas storage. 


when. the channel receives ending status, 


and the CCW specifies command chaining, the — 


channel proceeds with the chaining only if. 
no efrors have been detected to this point. 
in the operation. If any check latches are 
on, the channel generates 


intérrupt-Ros-request as described earlier. 


Refer to CCW Flag Operations for a 
description of command chaining. 
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I/O INTERRUPT 


e The selector channel initiates an interrupt when it receives 
ending status, and command chaining is not specified by the. 


CCW. 


° To initiate an interrupt, the selector channel must first 
turn on its interrupt latch under microprogram control. It 
breaks into (traps) the microprogram to do this. | 
program address is forced by hardware into the WX registers) 


° At the end.of the current PSW E-phase, the CPU honors the 


selector-channel interrupt. 


o The I/O interrupt microprogr ah routine: 


1. Stores the current PSW in the I/O old PSW location. 


2. Generates the channel status word (CSW). 


3. Loads 
local storage 


@ The CPU executes the I/O interrupt program under EonEERs of it 
a the I/O new PSw. | | 


The selector channel initiates an I/0 


interrupt when it receives ending status 
from a control unit, and the GF-register _ 


~CC=latch is off (not command chaining). 


An 1/0 interrupt is.a discontinuance of 


‘the program (instruction sequence) con- 
_4 trolled by the current PSW, 


and the execu- 
tian of a new program sequence, which is 
under control of a new PSW. In this case, 
the new PSW is the I/O new PSW located at. 
main storage position 120 (78 Hex). The 
CPU cannot honor an interrupt request until 
it has completed the execution of the cur- 
rent instruction (G-register). Also, the 
current PSW system mask bit that corres~ 


sponds to the channel requesting the inter- 


rupt, must be on. | ‘ 

To initiate an interrupt, the selector 
channel must turn on its interrupt latch. 
It does this under microprogram control. | 
Therefore, it must obtain ROS control and’ 


break into (trap) the current microprogram. ° 


A break in the microprogram can occur at 


the end of any CPU cycle if no write cycles 


are pending (the allow-write latch off). 


When the selector-channel interrupt trap 


-microprogram routine is complete (remember 


ay 


the I/O new PSW into the current PSW locations in 


_.to the WX een one§ 


_— SS f 


(A micro-~ 


co) 


A 


q 
this routine only turns on the selector’. 
channel interrupt latch and accepts or. 
Stacks the device status), the microprogram 
restarts at the ‘point it was discontinued 
by the selector channels request for ROS 
control. (The contents of GW GX is gated 


When the CPU has completed the execute 
phase of the current instruction. 
(G-register), it honors the selector- 
channe? interrupt provided the system mask 
bit. for the channel is on. It does this by 
storing the current PSW (located in local 
storage.in the I/O old PSW location (main 
tse position 56 or 38 Hex), loading the 
nnel status word (CSW, main storage 

location 64. or 40 ‘Hex) with the required 
information, and loading the I/O new PSW 
into local storage as the current PSW. 
After this is accomplished, the CPU returns 
to I-cycles and starts the execution of the 
program controlled by the current PSW, 
which is in this case the I/O new PSW. At 
some later time, the program must load the 
I/O old PSW into local storage as the 
current PSW, to return to the original 
program. Figure 4-13 shows the general 
eencere Of an 1/0 interrupt. 
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Turn On Selector 
Channel Interrupt Latch 
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Generate| {Load 1/0 New New PSWI. 
csw fines Current PSW 


oe Execute Ops | hae ; 1 


I/O New PSW 


Store: Current PSW inl | 
IAD Old PSW_ 


from |/O Old Psw/ ‘ 
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1/0 New PSW 


1/0 Old Psw | 
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(+ Pigure 4-13. 1/0 Interrupt. Concept | | . 4 | ee ee : i. 
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Sglector Channel interrupt ROS Request | ee / a, 


e The selector channel requests ROS control when it receives 
ending-status and the CCW does not specify command chaining. 


° The CPU allows the selector channel to take ROS control 
following a cycle which has no write cycles pending and when 
there are no higher priority requests for ROS control. 


e .The selector “channel stores the ROAR in its back-up ROAR 
(GWX-register) before it assumes ROS control. 


e The selector channel stores the X6 and X7 branch conditions 
in its xX6 and X7 buffer latches. 3 


To initiate an I/O interrupt, the 7 | Figure 4-14 shows the “iaing sequence of 
selector channel must first turn on the the transition period fromthe current - = -~ 
selector-channel-interrupt latch. This is microprogram routine to the selector clase . 
accomplished by the | nel microprogram routine. Notice that the. 
, , selector~channel~ interrupt microprogram ROS address of the last migroprogram word : 
' . routine (interrupt trap). - addressed, not the riext microprogram word. 
ny address, is stored in GWX. Normally, a ROS 
: | | word is executed (control register set) one 
When the channel receives ending status CPU cycle after it is addressed. When the’ ee 
from a control unit, and the GF~register CC first selector-channel-interrupt micropro. 20 
‘latch is off, it generates a request for gram word is addressed, the control reg-  . ~. 
ROS control. This request turns on the ister is prevented from sétting by the- | : 
selector channel stacking latch at T3 time any~priority pulse. This creates an nace | 
if the allow-write latch is off and there tive cycle as far as the execution of a 
are no higher priority requests for ROS microprogram word. | The WX-register is a 
control. conditioned to set to the address of the | 
first ROS word of the selector channel —_ 
When the selector channel eieer nes latch interrupt microprogram routine. The W-. 
turns on, it: . register is allowed to reset to zero at its 
normal set time (T1) and the W-register = a 
1. Stores the read-only address register parity latch is turned on by the any- | 
° (ROAR) contents in the selector channel priority-pulse. The X-register four’ bit is, 
- back-up ROAR (GWX-register). conditioned to turn on. | 7 
oe - | 
f 2. conditions the X-register to set to the The K6 and X7 branch conditdons are. ae 
address of the first ROS word of the stored in buffer latches because the branch — 
selector- channel~interrupt | microprogram conditions of the last major microprogram 
routine. . . word may be dynamic conditions, such as the 
| ’ Z~ bus-zero. . These conditions would not be © 
3. Stores the X6 and X7 branch conditions present when this microprogram is executed | 
in their respective selector-channel which is upon the resumption of the major 
2 buffer latches on the next CPU cycle. microprogram. Therefore, .the X6 and X7 
i | | branch conditions are stored in the © 
4, Prevents the set of the control selector channel x6 and X7 buffer latches 
register on the next cycle (dead : and are gated to the X-bus when the a 


cycle). mi croprogram is resumed. 
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Circuit Objectives : _ (4) Not allow write latch 
7 p . ‘ 
1. Control unit presents ending status. (5) T3 pulse 


b. Generate selector chain pulse. (KM081) 
a. ‘Status-in on | 
a : (1) H-register-5 latch off 
b. Bus-in bit 4 (‘channel-end) | 
, (2) Selector chain request latch on 
Cc. Bus~in bit 5 (device-end) . 
7 . as (3) Prjority latch off 
(2. Turn off count ready and not zero 


latch. | (4) No higher priority latches on 
. a. Status-in, not service-out delayed Cc. Generate any~priority pulse 
... 375 ns ! 


| ~u wa ¢ | (1) Selector-chain pulse . 
(1) Not poll control erat : 
| ae | . d. Place address of first 
(2) Not set count ready - e 4 See : selector-channel-interrupt microword 
: aie on X- bus: and W-bus (ROS address 008). 


é 


. # 
wt 
F ‘ 
a 


(3) Not share~request 
(1) Condition X-bus 4 line 


s (4) Not R/W control 


a 


(a) Selector-chain pulse 


3. Generate selector channel ROS request ; 
= (b) Any-priority pulse 
a. Generate devicg-intergypt-condition | | 


; on — (2) Condition w-bus parity bit line 
(1) Status-in . ° . aa 


rc ae é se (a) Any-priority-pulse 
- | #2) Channel- end ae ne Nu 
ee A Ae | _ (b) Not gate-switches-to-wx latch | 
eae (3) Not cc . 8 = 7 (0 oes . 
ag b. Generate interrupt condition ~ ae ; : 
fw ‘ | a -@.* Place ROAR Back-up ROAR 
re OF) Status-in | . 
a , n (1) Set X-register contents into Gx 
@ | (2) Deviceyinterrupt condition : register - 
oe fe, Generate SX1 interrupt ROS request : (a) X-register out put 
@ (1) Status-in, not Service-out delayed \§ = = (pb). Selector-chain pulse 
| - 375 nanoseconds 7 5 
se : eg | i (c) T4& pulse 7 
; @ {2) SX1 interrupt latch off. . F 7 : —_ ; 
ge (2) Set W-register contents into Gw 
: (3) Interrupt condition. x register | 
7 =< — . | : eg 
| © _ (4) Halt I70O stop latch off. (a) W-register output - Se 
ts (5) H6 off {MPX CHANNEL NOT WORKING) _ . b) Selector-chain pulse - 
A | 2 ; 
e d. Generate Selector-ROS-request (c) T&Y pulse : 
-_ Se | : . ‘ 
a q SX1 interrupt ROS request. . f. W-and-X-buses set into the wx 
, . register at Tl time. This addresses 
@ “4. Assume ROS Control | the first selector-channel-interrupt 
; . | ROS word which is an instruction to 
: | @. Turn on Selector~chain-request, latch turn on the H-register-5 latch. ae 
TJ (1) Selector ROS reg@st ‘ : g. Turn on the any-priority latch 
an (2) Not H-register-5 bit, | (1) Any-priority pulse 
y & & (3) Not suppress A reg. check latch (2) T1 time | 
7 * , 
@ a Section & 4.37. 
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Selector Channel , = t_ Trap 


e This trap is executed as a resolt of s control 


tation of status-in or address-in (not initial 
it turns on the interrupt latch for statce-i+ 
It checks the status during IPL. 


It stores the unit address for address-ir. ~ 


Figure 4-15 if a flow chart of the 
selector-channel-interrupt microprogram 
(trap) routine. The selector channel 
requests the CPU to execute this microgrc- - 
gram routine for one of two reasons: 
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The channel has received status-in from 
a control unit (not initial status). 


i. 


2. The channel has received a request for 1% 
selection from a Gontrol upit | 


(request-in, select-out, 


addaress- in). 
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In both cases, the microprog 
the H-register-5 latch which if 


The Microprograr 
latch when it is 
being executed for either reason. When the 
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When the selector-interrupt trap micro~ 3. Turns off the H-register-5 latch. 
program is being executed, ag. a result of | . | - anes 
status-in; and the” CCW was executed as ay ) : 

result of IPL, the microprogram: | 4. Returns to the IPL operation. 
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' Original Microprogran Resumption 


a The backup ROAR enters the ROAR (The Gwx vayiececs are : & = 
transferred. to the, wx registers). | | rr . < rt | 


_# 


o- The H-register-5 latch turns off. 


‘~The X-6 and X-7 buffer latches condition the k-bus X-6 and : se 
. X-7 lines (The interrupted microprogram dynamic ” branching | . oF ane: 
conditions). Bs o8 Pee ‘ 
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To return the CPU to its original .mictopro-— Peay rere: This addresses the last origi- 
. gram after a selector ROS trap, the.selec- nal program ROS-word addressed before the 

tor ROS trap microprogram has as its last “execution of the selector interrupt ROS. 
| instruction ‘an instruction to transfer the trap. Remember that although this ROS word 

contents of the GWX register to the Wx was addressed, its execution was prevented. 
register. The last selector trap ROS word - because. the control- ‘register did not ee Wg 
also turns off the H-register-5 latch. : During the same CPU cycle the control- 

: me ; register sets for the last ROS word of the 
The last ROS word of the selector trap selector ROS trap thereby executing the: | : 


ticroprogram specifies WX=FWX. Because the ~ microprogram instruction. 
_..H-register-5 latch is. on, the FWX portion 
of the instruction is decoded as GWX.. The. , 


eee SAL output | for. this, instruction becomes " " ) At T4 of this cycle, the ROAR-restore- ze 
‘ <'. good prior to T1 time of ‘the last word, and buffer latch turns on. This latch gates | 
gates the GWX hal COnrents to the W the X-6 and X-7 buffer latches (holding \ 
and x buses. . 's branch condition) onto the X-byus 6 and 7 
: . lines. The éxecution of the original 
At TL time. of the last: word, the W-and _microprogram is now at the point at which) 


= ‘ . 5 
+ = 
.. p 
> : i 
, : 4 
: : ; 
no 7 al 
-_= x a x E . k. = 
o : . r a . = 


_X-bus conditions set into their respective - the selector ROS trap discontinued it. 
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a Bore current PSW in. Ivo old PSW location. | . 3 ve ip yee 
e Store: required information in .csw sore on | @ 
. ‘hen a x : es te - 
e . Load new I/0 PSW into porat eteredes mak ing it the. current : , . 
PSW 3 & 
' The last E-cycle ROS word of each instruc- 4. Multiplexor channel. allows both X6 and ~ 
- tion branches the microprogram to the XT branches (X6 = 1, X7 = ‘T)-. © | 
interrupt microprogram routine if*an inter- ' : | = a 
rupt alah | : | Assuming a selector~channel 1 peeeeane: ode 
; - the microprogram branches to ROS word 112. eo 
= BS ., = - ' ‘The microprogram turn’ on the associated : 7 
‘The first: ROS word of the interrupt gate (SX-1 or SX-2) and reads out the. unit Bite 
routine has the instruction: Test Interrupt address from local storage, places it in sy ayaa tek 
with both'X6 and X7 branch indicators set  .the L-register, and sets the U-register to @ 
to 1. This instruction is a test to a ala the address of selector-channel 1. After we 
mine the source of the interrupt: | _ turning on the: S4& latch to indicate a. Siena 
or | selector-channel. interrupt, and setting the _ | " 
eee | % Q-register to zero to deactivate memory a @ 
1. External or timer interrupts prevent protect, the microprogram stores the cur- . sole 
both .the X6 and X7 branches anal =0, rent PSW in the I/O old PSW location © wt te 
X7=0). (main-storage location 56, Hex address 38). @ 
Qe Sele tor-channel 1 interrupt prevents The interrupt code is the first item 4 1 
the X7 branch (X6 = 1, X7 = 0). | ‘stored in the I/0 old PSW. . Because this is ge 2S 
' an I/O interrupt, the addresses of the . a’ 
oe Selector-channel 2 interrupt prevents channel and I/0. unit causing the interrupt, & 
the X6 branch (X6 = 0, X7 = 1). | are peers as the aneCEEMEr code. The. 4 
4-40 “a. 7 7 | eier | © 
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microprogram next "enas. out the storage 
protect. key and system mask and stores them 
in their’ ‘respective positions in the 1/0 
old PSW. The microprogram then takes the 
current instruction counter and stores it 
in the low Order two bytes of the I/O old 
PSW. oF : 
The paeeeeetien nanoer code (ILC), 
condition code (CC), and program mask are | 
not contained in one byte in the current 
PSW. Thexefore, the microprogram must — 
determine what the ILC is by testing the 
two high-order bits (0 and 1) of the. G- “~~ 
register which contains the command code of 
the last executed instruction. Both the 
current condition register, and the program 
\mask are located in local storage (K27CPU). 
The microprogram also reads these out and > 
-.decodes the four-position condition 
register into two bits. After this is | 
. accomplished, the microprogram assembles 
the program mask, condition code, and 
instruction length code into one byte and 
stores this byte in the I/O old PSW. The 
current PSW is now fully stored in the I/0 
old PSW location. The microprogram now 
stores: the required information in the 
, Channel status word (CSW), located at main. 
storage location 64, Hex. address 40. 
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_ The CSW store: portion GE the I/O inter-. 
rupt: begins on CAS page Q0. - The first-ROS © 
word of this phase, (turns: on the. G-register 
G3 and G7 latches. This‘fiakes the I/O | 
Mhterrupt appear as a test I/O instruction. © 
The microprogram determines the difference 
between a true test I/O instruction and an 
I/O interrupt. by the condition of the S& — 

| 


a) 


latch, ‘which is on for I/0 interrupts. . 
After branching on the S4 latch,. the micro-) 
program. determines which selector. channel 
has initiated the interrupt, and turns on 
the associated gate (SX1 or SX2).: When 
this is’ accomplished, the microprogram | 
stores the required information in the CSW: 
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‘bits and their locations in the CCW are: 
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_ Next CCW address from local storage. 


resets the channel that initiated the 
interrupt. 
loading the I/O new PSW into local storage 


| At the same time the 1/0 new PSW loads 
into local storage, certain latches" asso~- 
ciated with the PSW turn on: 


\y, aa 
' tion in the PSW protect key EPA 
The instrubeion addressent ers’ the Ig- 
ees and does not enter local’ storage. 
The two-bit new PSW CC decodes into four | 
ett and enters the condition register | AK27 
CPU). ae 
routine, the microprogram determines that | 
the high order of the instruction address. 
_is not 0, 
It also turns on the S-register-two latch 
if the low-order byte of the instruction 
address is not an even numbered address © 
(position 7. of. the J register is ON). 


,Count from the GCD registers. © * se , -When this PSW is fully loaded, the 
. a microprogram branches to I-cycles,-and | : 
(2. Memory protect key from the GK aa Starts the execution os the I/O he 
ister: program. : 
4 9 | me | ' | a | 
CCW FLAG OPERATIONS ~ aes ee 
e@ Five CCW flags modify the CCW operation. d ' 
omy eer ; : et / : . ‘ i a . a ‘ to | 
The CCW contains five flag bits. These / * 3. bit 34-~SLI; suppress length indication | 


nt ” 4 ; i S oe Zo : 4. 
4. bit 32--CD; chain data address. — | 
/a. bit 33--CC; chain command. 5. 


Unit status. from the GR-register if the oo 
channel is busy, or from the device if. 
the channel ig, not mus Y’ 


Channel status from the GE register. _ 


.& 
Sy 
When the ccw is stored, the microprogram 
The microprogram now starts 


the current PSW (CAS page D5). 


a: 


The. mask latches turn on when the sys- 
tem mask reads out of the I/0 new PSw 
and into local Storage (K24). ey 


‘The malfunction-suppress iaten: turns on 
if the machine~check mask~- bit is 0. 
(off). | 


The ASCII latch ‘turns on if ASCII is 
designated ‘by the I70 new: PSW. ate 


The Q-register sets’ with. the informa- — 
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If, during. this load new Psw 


it stores this byte at K16-: CPU. es 


bit 35--SKIP; skip data. 
bit 36--PCI; program control interrupt. ne 


artis Gy 4-41 


the flag bits function (ateseadencis of 
’each other except that the CC and SLI flags. 
—. not take effect if the CD flag is on. . 


The time, in relation to the ccw execu- | 
elon, that a fiag. bit cakes effect,. varies | 


as follows: _ | 


“4 1.¢ The CD bit takes effect when the count 

: reduces to ‘zero. 

2. The Cc-bit takes effect when a control | 
unit sends ending Status and the CD bit 
is off. % & 

3% The SLI bit takes effect any time dur- 

CD BERS BIT 


BO reduces to- zero. 


-@ It allows the selector athed: to fetch the, ecount, data 


address, and flag ‘byte from the, next CCW. 


© ¢D allows the selector channel to gather setuae! neeaiaeiar . SS 


from the storage positions age toca not adjacent or to place 
ocations that’ are not adja~ - 


input information into storage, 
cent. | 


" Infput Record | 


Read.Operation | 


Figure 4-16. Data Address Chaining (cD) — 


Cd 


« 
f) 
_ When the chain-data flag bit of the ccw 
is fh: it is an instruction to the channel 


to fetch the count, data address, and flag 
byte from the next CCW when the count in. 
the count register is reduced to zero. 
This permits the channel to‘use core- 
storage locations that are not adjacent in 
the execution of a'command (two or more 
chained CcW-s). This linking together of 
data addresses-is called chaining data 
addresses. Figure ‘4-16 illustrates the 
principles of chaining data addresses. 
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ee The Ch-bit takes. efrect: when the count in the GcD registers io 


Count = 3, Data Address 100 
Count = 2, Data Address 200 
Count = 5, 
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‘ing che operation an incorrect length 
, Situation arises; that is, the control 
unit sen@S status-in and the count is - 
not zero, or it sends an additional. 
service-in after ‘the count has reached 
zero. 


The SKIP-bit takes effect: Peer the | 
execution of a CCW specifying input — 
# (read, read backward, or sense). ‘ 


~, 
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5. The PCI- -bit takes effect after its 
associated CCW is loaded into the sel- 
ector channel registers, and the system 

. mask Brows 170, Sena 
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Chaining data. addresses is controlled by 
the CD latch of the GF-register. This 
latch turns on whenever the CCW loads into 
the selector channel registers and the 
CD-bit of the CCW is on’ (in a ogee one 
state). | . 


During the selector see cycle in which 
the count becomes zero, the count-ready- 
zero latch turns on. This latch on, 
together with the CD latch, generates a. 
selector chain ROS request. This, is a 

*request for the CPU to trap into the cur- 
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“Circuit Objectives’. 


rent “_microprogram eoueens and execute the 


_ Selector chain microprogram routine. 


Pa 


The gelectar chain microprogram routine 
stores the contents of the R-, S-,°V-, and 
U-registers into local storage and reads 


out the next CCW address from local stor- 


age. It then reads out the next CCW from 
storage'and loads the count into the count 


“registérs (GCD),, the CCW flags into the 


selector-channel flag register (GF), and 
loads the CCW data address into the selec 


tor channel data address registers (GUV). 


dit also determines the next CCW address and 
places it in local storage. 
CCW information is loaded into the selector 
channel registers, the microprogram res- 
tores the R-, S-, V- and U-registers to 
their original state, and the. microprogram 


' continues at the point where it was discon- 


tinued by the selector hash nasa ss eae 


A program check occurs if any . part of 
the CCW (command code, data address, ed 


or count) is invalid. 


Assume the CD- latch’ ‘in the GF-register 
turned on when the CCW was entered ifto 
selector channel registers. This specifies 
that data chaining will take place when the 
CCW count goes to zero, if no channel - 
checks have been detected. 

1. Rechgniee a count of zero. 


a. Count reduces to 0 on. selector share 
read cycle. 


b. count - ee ek zero latch resets | 
(1) Sel ey inte | | . 
(2), SX1_ read cycle > _ 
(3) GHY & GHZ = Zero (modi fidr- output} 

aay 

Cc. Count~ ready-zero latch turns an. 

(1) SX1 write cycle 
(2) Selector T4 time 
(3) Count~- ready-not-zero latch off 
(4) Not Status-stop condition 
2. Request a selector ROS trap. 

a. Generate Selector ROS REQUEST 

ft) Generate CD chain Pe aneae 


a (a) CD-latch on 


Lay 


(by Count -ready-not -zero latch on 


ae Turn on H-register 5 latch. 


After this new . 


~ Ge) GR-full latch off | 
(2) Generate SX1. chain S Request | 
(a) eD chain a. 7 
(3) Generate selector ROS request 
(a) SX1 chain ROS Request: 


Execute Selector: chain microprogram. 


b. Store contents of CPU registers R, 8 


UU, and V. 


\, 


20 cpu 


(1)*stoge R-register in iéeai storage 


(2) Turn off latches that eae on due 
to previous operations ane turn on 
poll control | ing 

(a) GH=K13 (chain-reset)” 

(3) Store’S-register in local storage | 
(a) K29 CPU . 
(b) R=S 

(4) Store Weeesiater an local storage 


(a) K31-€PU 


(b) R=v Pe 


XN 
(5) Store U-register in local storage. 


4. 


(a) K30 CPU | 
Cb), RU ade Suet as 


¢. Update next- CCW- address. 


ol ‘ 


(1) Read out low-order of next ccH 
addr ess}- 
(a) K? CPU ms oy. 26 
(2) “Increment: it by 8 and replace in 
K7 Of local storage. Load low \. 
ordek address in V-register. 


(a) RC=R+K8L 


(3) Read Pere ae order of next ccw- 
address | | | _ 
(a) K6 CPU pg ure ? o 
(4) Update high order of next ccw 
address and replace in K6 of local 
storage. Load nigh: order address 
. in U-register. ) 


(a) RC=R+C (this adds 1 if. an address 
carry occurred when the low order 
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Brat, © of the next cow address. was os 
: ' updated) _ | = ae ae latch» 2 4 : 7 
| | ee gay GB=K8, 1 a, et a 
* <a e. Restore CPU registers. | : 
- 1) Restore U-register Pa ee te 


/ 
Pe 


da. Fetch next CCW. 
; (1) Read out op byte and check for a 

3 — transfer-in-channel (TIC). Assume ° 
| ‘itis not | a oe ig 14 | , 
| on a | (a) K30 CPU 
(2) Read out flag byte ae? a oe ae ae, Be | | 
#58 _ 08) USR - . wa of o Gh A ; 

| a (2y Restore. V-register/ oe 


(3) Place Elag byte in GF register 
_ (a) K31 CPU - 
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(b) VER . 
3p ‘Restore s~register 


Pon 4 


fa) GF*GR 
vs) Read out ‘Wowcorder count 


(5) Place. low-order count in Gv- 
register. | ak ca a. 

con 3 " ee fa) K29cPU 

| Cb) S=*R 


" ¢ ‘ 


4 


fa) (GV=GR, ee 
06) © ‘Read out high-order “count | | 
(7) Place high-order count. in GU _ : (4) Restore ‘Rrregister: 
(ay R20 PD 

Restart ‘mi croprogram. at. ihe ie 


sd Ai ee : 


register. | . oe 
| oa  €, 
where it was discontinued. 


j tad GU=GR > 8 
(8) Place count in GCD registers a? ae 

3 se tlie +) Restore ROAR | : | 

Wit car WX=FWX | - | — 


(a) GCD=GUV 4 
(9) Read out - lee order of CCW data : 
aocnes® into the GV-register 3 SO 
, | a | (2) Turn H5 off 


i x 
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(a) GV=GR 
an (a), H=H-KaL 
BX ue a. 46 Oe: * Note: The *PWX part ‘of ‘the 
mee st - Instruction is-decoded as éwx 
when the ‘H-register-5. latch is 


7 (0 yRega. out high-order . of. CCW. data 
address into the: peu, regi ree oe 
| = ee : on.” 
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"instruction. 
one in. the first ccw. 


» ned requests ROS. control. " 
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mi croprogram routine after any pending . 
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where it was discontinued. | 
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ed. In this- casey; 
is taken. ar’ . % 
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When the tc=bie of a: ccw is on, and the cD 
bit is off, the channel executes the CCW. 
and fetches the next,CCW. This is accom~ 
ppetehed under microprogram control. 


3 
. 


The channel . “requests ROS control after | 
it has received channel-end and device-end 
status from the.-control unit and the device 
that executed the CCW. This -request for |. 
ROS control enters, the stacking: latches at 

.T3 timé’(Whefi the CPU cycles can be | : 
interrupted), that. is if no write eycles 

‘are pending. The stacking latches deter~ 
mine the’ priority of ROS reaneere: 


If no higher priority stacking latches 
turn on when the selector ROS request | 


‘ read-only-address-register (ROAR) in the 


will honor its request for ROS control. | 
When the channel receives this signal, it 
provides a signal to the CPU that ‘Loads the 
‘ROAR with the address of the fi: st word. of 
the. cr tor channel chaining Sropieaeee 
routine. | 


oa 
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ed 


The éirse word of the geiecterdcnannel 
alge microprogram routine, ;turns on. the 
reqis ils latch. This Latch prevents | 
. the from honoring a ROScontrol request 
from the other selector channel or the 
multiplexor channel until it turns off. 
also. turns’ on the decode gate (SX1 or SX2). 
for the channel that’ requested ROS control 
( (aelector-channel 1 or,2). After a chain: 
et, the microprogram stores the contents 
of the R-,S-, V-, “and .U-registers in local 
‘storage. It also ¥eads out the next CCW 
address from local storage, updates it by 
eight, Or sixteen, and places the updated 
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fe The selector channel ROS request breaks 


stacking latch turns on, the CPU stores the 


e The cc. flag bit ‘allows the ecigaot Gunner” ‘Pont rou’ enie! 
_ and.I/O device to execute several CCW's with one start I/O . 
The CCW command byte. may» be Reead than the 


°. when ‘the control unit ‘presents: device-ertd status, the chan- 1 Oe ogee 


tee: he current 
rite cycles. | 


“After completion of the load. ccw and uni t selection migro-- ae gt . 
program routine, the microprogram restores the contents of. a rr ne tas i 
. the CPU- registers and restarts -the current: microprogram - . : , | 


5. as An I/0 interrupt is not taken until the last cc has been | 
4°. completed, unless a channel check or device check is’detect= 
° chaining is suppressed and. an a HECEEUCE. 


backup-ROAR and signals the channel that it © | 


Zé 


It. 


: / 4 . ee ‘ ; ‘ 
DO7” a i ee ~*~ ‘ 


After Storing: CPU register information, the ‘selector pabner < 
reads out a. new ccw, and | executes a unit selection sequence. 


5 : oe 


next CCW address in local storage. The 
microprogram now starts a unit selection, | 
then loads the selector channel registers: 


_with the CCW information and finishes the - 


unit selection. The microprogram now 
‘checks for another selector channel chain- + 
request. If a request is waiting, the a) 
chain routine is entered ‘without: oe . 
, the’ CPU: ‘registers. - | ; 


When this is complete, ' the. mletoproscam. oo 
branches to a routine that restores: the U,- qe 
. V=, S-, and R-re ters to their original . | 
‘state. - It also (restores the ROAR with the Ge 
addresa- in’ the backup ROAR, and’ turns off 
the H-registe =3 latch. 


The microprogram. ‘ow ‘contimes at’ “the: 
point where it was discontinued by the atom, 
eee channel ROS mequese. . 


Circuit obiwct ines ¢ | eas oe RY 


. Be : _ ey 4 
1. control, unit. presents ending-seafas to 


the channel. 


. Status-in_ 
be Bus-in 4-bit (Channel-ena) 
c. /Bus- in: 5~bit (Device-end) 
2.. Request read a statage tage). 


control. et * ae 
al Generate cc gate 
(1) ee latch of as register. on at wane 


(2) Status-in delayed 
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; ae. ae 4 _< Pe ar ey 
| (3) Not "interrupt condition” ot a Ge. Force xX+bus 6 Lihe Coe 4 | a e 3 
. (wc Matoh of GF-register off ooo. (1) Selector chain pulse’ oe ae ae 
(5) Halt 170 stop latch off (2) Any~priority pulse ne ae —. @ 
b.' Turn on suppress-out latch (raise ny Poe WX- register. (ROAR) © contents. hs GWX oe 
Suppress eue?: : | oe. register (Back up ROAR) and X6,- MP RP as ae 
| os - we. ea oe branches enter buffer ‘latches. Pair OX eee eo. 
7 ccey (ere chain request fe oe ge ee Rk Powe i Seam 
eee | | - a# (1) Selector. chain pulse. tas | oe 
a Note: ‘This is the channel’s indication: eras ee fae - La 
. to the selected control. unit that 2) ‘CRU Ty. time é ee rs SOE Ria @ | 
it is chaining. eh dew, 4 é ae ree ees 
x ot me Le Be Tarn on Selector ce ROS ‘request | a ae 
.  @. Generate CC-chain request: . | latch.” . _ é@ 
(ay cc-gate. _* oy ae oe “(29 SX-1..chain ROS eoaieae: Not ‘isx-1 fee 
: a interrupt .ROS request, and Not SX-2 + Moe te 
(2) Bug- in 5- Bit (device-ena) To | | enter eape ROS. request. : T 2 
te) GB). Not service-out s } gee Tie + ce (2) 8X-1 chain ROS request, Selector ; 3 
: : e : chain pulse, and CPU T4 time. 5 ss 
d. urn off select-out latch | | r | 
; y g. Force X- bus 6 and 7 ands | 
(1) cc chain. request Se aie Pe : a are . 
ae : (1) Selector Cc ROS request latch on | | 
ee Turn on poll control latch : @ . 
| (2) Selector (SX) ~ Der 8 ae . | 
(1) GH=K13 (chain-reset) : a 2 
oo | beads acne em (3) Any- priority’ pulse ; 
| ' £. Generate Sx1. chain ROS sa beac gt AN act I ole He | . — | 
yon ; Gat Bae | GS Generate X~register set . . > 
ee . (1) Chain request | ey 4 8k oe ac, eo re 
1 -(1) Not inhibit ROAR set: 
a) SX1-chain-ROS-request . i | . : 7 
i 3 7 (2) CPU T1 time | ee ' 
. 3. “Address first word of selector ‘chain ot - : : | 
_microprogram routine aoe -— i. Set X-register with address of first @ 
a | word‘ of the selector chain micropro- ~ 
°° @. Turn on seléctor enena request eeacr an gram routine. 
latch ie ; ’ *; a ; 
| | a _ (1) X-bus o" | | - © 
(1) Selector ROS request one | ane ae 
| (2) X-register set / 
(2) He register-5 latch off : ' . @ 
fj. Turn on selector 1 trap latch 
63) “Allow write latch off (No writes a 
7 PB cides ba | » (1) Seieeeer chain pulse Bee tel 
(4) CPU" T3 time | is (2) Se lect or-Cé-ROS- request latch on @ 
b. Generate Selector chain pulse (T3 | (3) SX1 chain ROS request — ' 
time) | | 6 | 
- & (4) CPU T2 time ‘ a 
(1) Selector-chain-request stack latch i oe | 
on | 3 : “mW. Turn off Selector-CC ROS request a 
| as latch 2 @ 
(2) No higher priority stack latch on | | 
| | | ; (1) Not SX-1 ee ROS see ras ‘ 
(3)H-register-5 latch of f ; 
1. Turn on priority latch . & 
c. Generate any~priority palge at T3 e 4 “ : 
time . | (1) Any~ priority latch on (selector 
; chain latch is on). © 
mM Selector-chain- request atack latch - & 
on (2) T3 time . 
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e ; 
DO8 a aa @ 


o 


z= 


er F 
- ‘Decondition selector chain pulse. 


(1) Priority latch on 

7 | 
Execute selector chain | microprogram 
routine. 


a. The channel trap word: 008 is now 
present in the ROS SALs and control 
register. This word issues an 
instruction to cia on the . > 
H-register-5 bit. = HSK4L 


(1) Turn on ecemiata bit 


a) Z-bus 5 bit, 


(b) Microprogram'cQ field combination 


in control register 0101 (Hex 5) 


wy 


(c) CPU T4& time 
b. Generate $Xx1 gate 
4 


(1) Selector 1 trap latch on 


(2)H-register > latch on 


c. Store CPU registers R,S,U, and-v in 


‘local storage. 
(1) Store R-register : 
20 CPU 
(2) Place ‘stat us in GR register 
GR=GI | 


(3) Store S-register 
K29 CPU 


(4) Turn off latches which may be on 
due to previous CCW 

KH=K1 3 

(5) Turn on service-out latch 
GA=K1_ 

(6) Store V- register 
K31 CPU 

(7) Store U- register 
K30 .CPU , 


d. Update next CCW address 


(1) Read out low order of next CCW 
address. 


~K7 CPU - 


(2) Ada 8 or t6 to Teusecdar of next. 
: CCW address sana cnoenene in K7 CPU. 


(3) Read out high-order of next CCW 
| address. 
a 


» 


(4). Add 1 to hightorder of next cow 
address if low-order forced an 
address carry and replace in K6 CPU 


(3) Check that the: control Unit dropped. 
off the interface 

k. Fetch next CCW ; select anit. Some 
of this is the same routine that 
loaded the first CCW into the. selec- ° 
tor channel registers and initially 
selected a control unit and I/0 
device. The unit selection is Start~ - 
ed before the next CCw is. perched = 


Note: .. The suppress*out ’ atch turns. oft 


during this routine. 
f. Restore CPU. 
-q@) Restore U-register. 


K30 CPU 
U = R . ¢ 


(2) Restore V-register. 


'K31 CPU 
V=R 


_ (3) Restore S-register. 


K29 CPU 
S = R 


(4) Restore R-register. 


K20 CPU 
Write 


g. Continue mierootsaran at the rine ar 
was Sreconeanved ss 


(1) Turn off H-register-5 latch. | 
H= H ~ KUL . is 
(2) Place back-up ROAR (GWX) in ROAR. . 


WX = FWX. 
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COMMAND crmpuavc (CHANNEL-END AND DEVICE- ENO - SEPARATELY) 


* 375 nanoseconds,\ service out . 


oe 4 3 hnonsconaoh ser suppress-out, then after a delay of 


"e ~ When device-end status. arrives at the channel, 


a selector-channel | ROS request. 


8 Select-out remains active until. reset by the selector-chain Bee 


we la aaa 


When the GF- register Scubiaiid chaning) latch 
is on anda control unit presents channel- | 


“end to the channel, the channel. responds 


with suppress-out and after a 375 | 
| The channel 
does not request ROS control at this time 
_sguppress-out latch being on at this time 


-.. channel is. chaining commands. 


ee 


=> 


ee ‘Effective only when CD flag “e 


nanosecond delay, service-out. 
and select-out remains active. The 
indicates to the contro] unit that the 


“mn 


y. 


) Sur “(SUPPRESS LENGTH pees FLAG. ‘Bit 


@u. 


The SLI flag -bit (bit-34) of the CCW), | 
when on, prevents the turn-on of the i 
See es en a ea This bit is ef fec- 
tive’ only if the CD flag bit is off in the 
same CCW. The SLI bit is used in all cCWs 
except those in which the count agrees | 
exactly with the number of service-in sig- 
nals expected from the control unit for — 
that operation. 


SKIP FLAG BIT 


e ‘Suppresses. transfer of information to storage. | 
e@ Takes effect during execution of the cw.) | - | a ee 2 


e Used for Read, Read Backward, or Sense Operations. 


The SKIP flag bit is ‘ened: on. to suppress 
the transfer of information to CPU storage 
during read, 
tions. 
the CCW having the bit on. In this way, 

data can be merectivety stored in the CPU. 


The SKIP flag affects only’ the handling 
of information by the channel. The opera- 
tion of the control unit and device pro-~ 


ceeds normally and all data is transmitted . 


to the channel. The channel updates the 
count but 


storage. 
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channel receives the device-end sta ug it 
“generates CC chain-request. 


7 together to the channel: | , a = 


‘Prevents indication of an incorrect length condi tion. - a | 7 


‘read backward, or sense opera~ 


address chainii 1, normal operation resumes = 
This flag bit is effective only for | 


es not place the data into main 


+ mA 


a: 
5 : F te Piget 4 ene “ . 7 F : 
b - : 4 FAs 
ne y "LS. . % > 4 % + 
* . % Fe, , ™ * ae ae ges 
J Te = : & ; ; 2 
woot # ata 2 = * sat si 
a 2 - 3 ee . Beh pte : 


eee he 


i initiates 


4 


’ De ‘ a e 
ie. oe . 
| when the I/O device ough eke the ‘ekaci> 
‘tion of the CCW, the control unit presents” 
device-end status to the channel. When the. . 


. 4 


No: 


From this 

point, thé operation is the same as for, =... 
selector channel chaining, when the |. Ae 
channel-end and device-end are presented | 


ee ae ee 


a 
‘ 


Length check must always. be suppressed © 
for devices in which block length is. not | 
defined. For example, when writing on | | 
magnetic tape, the amount of data written , ° 
is controlled only by the count in the ccw. 
Every operation terminated under count : 
control causes an incorrect length indica- 
tion, unless suppressed by the SLI flag. 


se ae 


tay * 
oy 
Bite Oe 3 


* 


w 


‘In the cas’ of ‘command: chatnlug. or dater, 


if the i aa in. the new CCW is not. on. | 


, No checking for invalid or protected 
data addresses takes place during. 2 
except that the initial. data address in the | 
CCW cannot e meee ne largest address of a 8 
the eye en 


oe 


: fs 5 5 5 = Pree , 
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= - ms : 
é - - ns a: & 
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is. not masked off). | 
- din the first or any otWer CCW in a chain of 
ccw's. 


“The PCI flag bit, when on, causes an 1/0. 
interrupt at some time during the execut ion 


of an I/O operation (if the I/0. interrupt 
ag bit can be 


When the PCI-bit is det ected, the 
channe] | attempts an interrupt as soon as 


possible after. fetching the .cCW by bringing 
up the selector channel interrupt line to 


the CPU. This indicates the normal inter- 
rupt procedure | as gesch shed under 140 | 


Interrupts. ae F 


a 


When the interrupt occurs, a new csw is 


| stored, and the PCI-bit (GE bit 0) and any 


other existing channel- -~status bits are set 
in the CSW., 
the CSW reflects thé progress of the opera-~ 
tion-at the time the CSW is stored. In 

this way, the status of the channel can be 


determined while a chained operation is 


being executed. The PCI~-bit has no effect 
on the actual execution of the eer Renan 


When the’ PCI-bit is presented by an 
interrupt before the operation is complet- 


ed, the channel-end and device-end bits in | 


the CSW will be off. If the channel. 
detects data errors in the operation, the’ 


channel~ ~data~check ‘bit is on and is set 


ws 


The presence of the PCI-bit in — 


. tion. 


Te, 
j 
sagt as 


oe | 8 : : | | . 
a eo CONTROLLED INTERRUPT’ (eer) | | Pa ae 
° a the PCI-bit in a CCW causes an 1/70 — during the . . 
mos execution ‘Of an 170, operation. 7 Jaen | _ 
'@-. The PcI- -bit can be in Ene: first, or any other cow in a aa ‘ 
chained: routine, : | 
wie —_ 4 ~ “Hee — 
°.. The program- controlled interrupt sets chdnnel-status bits in a ea 
the CSW. : . ae : 
*. P< “ oy ss Y 


into channel status when the csw is stored. - 
The condition is not reset,:however, and is. 


indicated a at the ene of the’ oeere 


a: ; a. 


Presence of the channel-end wna coogee 


end bits with the PCI-bit indicates that 


z the operation, is ended. 


The CsW in this’ 
case has its regular format. with the. PcI~’ 


bit’ added. 


If chaining occurs. before. the PCI 
interrupt ‘takes place, the PcI ipdication 
is carried over to the new CCW. 
occurs on both data-address and command 


chaining, and in either’ case the condition °_ 
is propagated through a ‘transfer-fn‘channgl | 


command. - 


-- 


PCI conditions are not : aeeumaletea Te 


a ccw containing the PCI-flag is fetched, 


fying a. -transfer-in-channel. 


before the interrupt because of a previous 


‘PCI-flag takes place, oly one paged ig, 
taken. y : : . * rare . 


The status of tile PCI flag-bit. is. 
inspected in. all CCW's except those speci- 
In a CCW 
specifying transfeg- in-channel, the setting 


of the jPer Edad. is gored | v oa 


ce — Be, 
i, o1 4 : 
Be SOE a ' ‘ 
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This 0-4: 


Form ¥24-3362-2 ee de eee ee Oe 4 - | 
FES ¥24=0510 we ° es ae - Te he ' 
"TRANSFER IN CHANNE 5 
. Ba * é 
o Causes the channel to fetch the next ccW from the location 7m | - 
: specified by the data-address field of the CCW. | ee ith a, | 
e ‘Provides chaining between nofadjacent CcW's. | | 
) *- Can’ occur in both data-chaining and ‘command chaining. i a wee «2 .¢ . 
jre The command code os a ‘TIC-commangl is 08 (hex). = = 
rs , : z From*Start |/O 
. a : . af be , | : ‘CO or oe a 
. in. « : : ee ie 
When a CCW containing the TIC reada : at a 


out, and the TICycommand is recognized 

_ (Figure 4-17) it causes the channel to. 
read out a new CCW from the location. 

specified by the data-address field and | 3 | 
perforin the operation in the new Ccw. | 7 ere 


| Start TIC Program . 


é TIC-command does not initiate an 1/0 
. Operation at ‘the channel or the I/0 device. 
The ftransfer-in-channel command provides — 
,eha ning between nonadjacent CCW's. | 


the first ccw in a chain of CCW's cannot 
specify transfer-in-channel. When this 
condition is detected during the execution 


of the start~-I/0 instruction, no I/O opera- ae eee i 
tion is initiated and a CSW is stored with. ea ee one 8 
a. program~check indication. Similarly, a | “1 oe a a 
CCW specifying a TIC cannot be fetched fica tee Read Out New cow" ; 
a location specified by a preceding _ | < — : 


transfer-in-channel. When two successive 


 transfer-in-channel commands are detected, | ee ge 4 » -F | ———— 7 
a program-check is again indicated... If . | | os 
this condition is detected during data- ae ae | 


chaining, the I/O device is eraualies to : _ _ 
end the operat ion. : | ! , 


6 


To address a CCW on integra” 
for double words, a CCW specifying. 
_ transfer-in-channel must contain zerds in 

bit positiong. 29, 30, and 31. When tHis 
restriction is violated, or if an invalid 
address is encountered, a program check:is — ue | 3 
indicated. Either of these errors, detect- ee oe, | swe 


7 


Ss. 


eq during data-chaining, end the operation wuss 
at the device. During command chaining, | ve oe 
they cause an 1/0 as das | ey Jer oe a ee: 
_ f- Program Check - 
Ina CCW containing a TIC, bit positions. Pigure 4~ “7. TIC Routine /} ... AG 
| 0 to 3 and 32 cae 63 are ignored. | eo ee, ye Gana eS Set . 
aay os : | mee oe ; 


ne 2 : 


’ % ; : 4 


? 
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_Puring I-cycles, 


|, three functions:' 


| “command is directed. 


TEST I/0 


° OA programmed request for channel and control unit status. 


° Requires an initial selection sequence only. 


-® Control unit status is checked and a condition code is set. 
In some cases the CSW is also stored. 


in the PSwW. 


fs! 


the CPU recognizes the 


ingtruction as. a test 1/0 and performs 


ie: Stores the control unit address in the 
| V-register. : | 
2s.. Stores the channel address in the uU- 
register. : 
3. Branches to 


the I/O microprogram 


routine. 


_ The address in the U-register determin 
to which selector-channel the test-I/o 
Assume selector- 
channel 1 is specified. sx1 gate is turned 
on by the statement GB=kK1,0. The 
microprogram also tests the GT lines to 
determine if the addressed channel’ ig busy 


Read Out Unit 
Address 


a 


Status-lIn : 


Addrass-In 
ge, OF Stotus~ Ie 
as 


Indicates Control 
Unit Busy 


| 
eiheeeninn area 


Reset Select-Out 


Raise Commond 
Out 


Figure 4-18. Test 170 (Part 1 of 2) © 


O 


with another control unit.’ 


Set Condition Code 2, 
Return to I-Cycles . 


(Figure 4-18). If the channel is busy apd 
the interrupt latch is) off, the program | 
sets the current PS condition code to two 


and returns to I-cy les. _ : cca 


With the interrupt latch on, however, — 
the control-unit address is read out and... 


compared to the address of the functioning. —_ 
h causes 


control unit. An address mis-ma 


condition code two to set in the/current. 


- . ., Be “er 


PSW, and the program returns to I~cycles. .. 


This indicates that the channel is busy 

Therefore, the 
device associated with the test I/O cannot 
be selected on the: interface es, 


If the addresses match, 


condition code one, ° 


5 


‘ — 
Yes 
Interrupt Latch On. Yes 
Read Out Unit Address | 
Check for Address 
Match, ee 
/ Yes 
ae CSW Store Routine. Sat Condition Code 2 
Set Condition Code}, [> ~ . 
cf Return to 
1~Cycles 
7 : 
te 
‘* 
Loy 
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DI3. 


the microprogram _ 
branches to the CSW store routine and sets 


‘ 
se 7 


“4 


control unit (no .bits on bus-out). 


ee ee ee 
The control unit replies to command-out 


with the statug-in tag line and places any ° 


existing status bits on the bus-in lines. 
The channel resets select-out, responds to 
service-out, and checks the incoming status 


for the presence of status bits.- 
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No 
woo y a 
Yes 
3 3 Store a - 
Unit Status ; 
| Reset Select-Oyr | 7 s 
; : | ; ae. .* + s ; s @; , ut ’ 
- Yes  U ca ae > a i 
and Status-In oe, ' 
, . ‘Down | eee 
? . 4 4 
4 ~ : ™ 
, : : a, 8, 7 
: : ai: i ies -_ 
. . Shad . . . : Y if ; ; 
Return, to 1-C led. : p ,; 
eturn Bre bas 1 . es x 
Figure 4-18. Test 170 (Part 2 of 2). | Bis “ 
a : | + Bae 
ie . ‘ of Ge a. ms ; ‘ 
If the ‘channel is not busy when tHe GT If the status byte on. bus-in contained 
lines. are tested, the microprogram set# the no bits, the channel: | | 
| poll-control latch to capture polling. The - 4 | 
microprogram then stores the control: unit | a w | re 
address in local storage position K5 and 1. Sets condition zero in the PSw. 
does a changer reset excluding poll con- 2. Returns to I-cycles. _ 
(trol. It then reads out the address to the | | | | | 
~GR-register, raises: the address-out and ; ! 
select-out out tag lines, and waits for a : ' If the status byte contained any status 
reply from the control unjt. If the reply . bits, the channel: 4  # 
‘from the control unit is -status-in | : | 
(indicating control unit busy), the micro- | | A ee ee 
program branches ‘to a store-status routine. (1. 'Stores the control unit status in the 
» With the address-in in reply (addresses CSW. _ : | 
match), the channel raises the command-out 2. Zeros the CSW. fa tye 2 
line and sends the test-I/0 command to the 3. Stores the channel status in the CSW. 
| 4. .Resets the channel. a oo 


5. Sets condition code 1 in the PSW. 
Returns to I-cycles. | 
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tions. 
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For more detailed information, and cir- - 
cuit objectives, refer to Start I/O sec- ~~ _ 
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‘ The halt I/O instruction is issued by the in line, disconnect from’ the: interface and “ 
- * reset. With the fall of the op-in line, ae 


.Channel to cause: 
1. * The control unit currently on the chan- 
nel to disconnect from the interface. 


2. A control unfit that is not. connected to 
the interface to stop. 


»,.Execution of the halt-1I/0 instruction, 
bythe channel, is through a sequence of 
Signals rather than a command sent to the 
I/O device. The microprogram routine used 
depends on’the channel-busy status, there- 
fore, each is discussed separately. :. # 


= 


: , * 3 : : ao. : See eee ee ae ere oie eee 
; : . @ i @ @ 
% Z . % 


On entering the halt-I/O microprogram 
routine, the channel is tested for busy 
Status (Figure 4-19). If,the channel is 
busy (an I/O device is on the interface 
with op-in up) the halt I/O latch is turned 
On. Following this, the select-out line is 
reset, and address-out is raised. 


. The opexating I/O device receiving this 
Signal sequence must drop it’ Operational- 
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the microprogram then turns on the SX1 
interrupt latch requesting an interrupt, “a 
sets condition code two in the PSW, and. ©. iene 


* returns to I-cycles. ae oe ae 
oN Is et . ‘ - Oe . 
If the channel was not busy when tested, a 
the halt-I/0 instruction follows a i aes 


different routine. In this’ case, the I/O - 
device in question is not on the interface. 
and,does not have its operational~in line © 

up. However, the-device must be reset. =. 
Fhe microprogram routine followed is the... ‘ 
Same as for the start-I/O routine anda 7° ws? 
normal initial-selection sequence takes ‘* | ¥+: 
place. Once the device is selected, the ae 
halt-I/O latch turns on and the same Signal 
sequence is used causing the selected * *" <> 
device to drop op-in, disconnect, and | bse 
reset. Condition code one is get , and the — 
CSW status bytes are set to zero. | | 


Refer to the Start-I/0 section for more 
detailed information and circuit object- 
ives. | 
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e Initiates processing after 
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power 1S 
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° Started by selecting, an input device 


button. 
ne ’ 


The IPL procedure is provided to initiate 
processing after-a power-on condition, of 
when the contents of storage is net suita- 


s) 
e 


ble for further processing. 


The. IPL prottedure resembles a start-I/° 


instruction in which the selected I/7¢ 


device and a zero-protectionzkey is Speci- 
fied. .The CCW for this instruction 

zero data address, 
the command-chain-flag on, the 
SLI flag on, and a .command address of zero. 


read command, 
count of 24, 


has 
a byte 


This CCW is forgéd by microprograr. 


fne IPL reads new information int th 


_#first six words of storage. 


The remaind 


~ of the IPL program can be placed i# any 
desired locatiqn-of storage. 5. oF 


The IPL procedure is started by select- 
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ing an input device with the load-unit 


Switches and pushing the Load button. ,oRis 


causes a system reset, 


light, and initiates a read Operation from 
the selected input device. 
chaining is completed, the CPU starts oper- 


turns on the Load 


when comnand 


ating and the Load light turns off. 
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The system reset stops the CPU and sus- 
pends all instruction processing, interrup- 
tions, and timer updating. 
all channels and on-line control units ani 
The contents of the general 


I/O devices. 


It also rese 


and floating-point registers normally 
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ERROR DETECTI Oy a 7 a | : 
e ‘During channel Spetarion: the int erface, the«channel, and 
7 the CPU are checked for errors. a 7 i 


” 


e Detected errors set channel status bits in the csw. 
e The operation is ‘either. -suppressed, halted, or completed | 
z depending on the type and location of the error. 


» 


Form. Y24-3362-2. 


FES Y24-0510 


3 Channel Data 


@Figure 4-22. 


i t 
During normal selector-channel ‘operation, 
the channel is connected on one side to the 
processor and on the other to an I/O con- 
trol unit or-device. It must then be able 
to detect errors that occur in the channel 
itself, on the interface, or in the CPU... 


All errors detected by thre-channel dur- 
ing operation with the interface or the CPU 


a 
” 


1. Long record on Input or Output. 


foes Length 


* 


Program Check 


received. 


2. Short record on Input or Output. 
; i 


Memory Wrap (Invalid data address) 


Invalid Count. 
Invalid Memory Protect Key 
Invalid Format. 

Invalid Command. 

Invalid CCW Address . 


1. Protect key mismatch. 


1. GR parity check on data (8X1 


Oi aA WP 


Protection Check 


€ 


Check | 


a a | ‘ 
‘Channel, Control 
Check 


1. MN register parity (during share 

cycle). 

2. GHYZ Parity (During share cycle for 
other than data). ; 

‘3., GR register parity.(CPU store cycle 
or BUS IN to GR). | 

“4. A-register parity (GR or valid oe 
bytes to Areg). * 

5. Any machine check (during SEL ee” 
Request Mode). . 

6.+ Storage key parity (during input » 

share cycle). 


4 


Interface Control 
Check 


1. Bus-in parity check (Address or 
Status) 

2. Address mismatch 8 

3. Time out , 

4. No response 

5. Unit busy on chaining. 


bus-in to GR. 


during chaining. 


Selector Channel 


Errors 


Overflow from medifier, 
than memory size during a share cycle. 

.Not a TIC and CCW count is zero. 

Key bit positions not zero in unprotected mages ‘ 

Three low order flag bits in CCW not zero. 

_ Command not acceptable, to 1/O device or channel. 

“ CCW address not on valid boundaries . 


Su flag. off and CCW count reduced to zero and service-in is 


SLI flag off and 1O device end: the operation before CCW | 
count reaches zero or a halt V/O i is elke by the cpanel: 


Memory protect.keys do not match and protect key’ is not zero. 
(An attempt to place data into a protected location). 


' Parity error on data byte in GR register from interface or storage. 


Parity errors on CCW or data sdeveses, ‘or contents of ccw. 
Parity errors Getected at modifier eulpute 


Parity errors detected at GR register output when handling 
CCW, CSW, chaining, etc. 
Parity errors detected at A register (Under ROS control). 


CPU hardware checks (usually detected aos a parity error), while 

Selector Channel is using ROS (H5 on). ji ; 
Memory Protect stack parity check (Q-Lo Register) during selec-- 
tion input share-oycles when protection key is not zero. 


Parity error detected on unit address or status byte transfer from 
Address from device and address sent on bus~out do not match. 
Response to an outbound tag not received within time limit. 


Select-in is received in response to address-out and select-out, 


* Control Unit responds with the busy bit during status-in. 


a 


set channel-status bits in the CSW when the 


CSW is stored. The action taken by the 
channel when an error is detected depends » 
on the operation being per formed and the 
type of error gncountered. : 


The chart in Figure y- 22 lists the 
errors. that are detectable by the. ca cae 


and their causes. 


Action Taken © 


Sets channel status bit 1. 
Ends operation on detection. 


Ends operation on detection 
and sets bit 2 in. channel 
status. 


or rM register contains address greafer © 


s 


Ends gperation on detection; — 
Sets channel status bit 3. 


Sets channel status bit'4, 
suppresses chaining and en 
operation when current,.C W 
is a finished . ' 


Ends operation on detectién 
and sets bit 5 in channel | 
status. 


a 


_ Sets bit 6 in channel status 
and ends the operation on 
detection. 


ag 


set and the operation is terminated. . 
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> : ? F 3S ’ ; 4 : 7 . ; 

MEMORY PROTECT === - ©, Uy. ; 
@ Provides protection'for the contents of specified'areas of — | es ts 
- Storage. aS Wage ee os eg gate ae 

o Achieved by identifying blocks of storage with a storage , 

_ key, ahd comparing this key against the protect key. Mg ee OOS 

© ' Detection of a mismatch results in a protect ion interrup- 
‘ N. 


a 


the: memory- protect feature is provided to. 


. protect the contents of certain areas of _ 
. ‘Storage from destruction due to the storing 


of erroneous information while executing a 
program. To achieve protection, blocks of 
storage are assigned a storage key which is 
compared against the protect key.. For I/O 


., . Operation, the protect key supplied in the 
' , CAW is used. 
. memory use the protect key supplied in the | 


Other operations affecting 


PSW. If the keys do not match during an 
input share cycle, a protection-check is 


a. 


In the selector channels, the memory. 
protect key is obtained from bits 0 to 3 in 


"the CAW, and is carried in the GkK~register 
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result of. the operation. | 
occur on an input operation. 


installed on the system, 


Witen the I/O operation is started. It is 
Stored in bits 0 to 3 of the CSW when an - 
I/O interrupt occurs... me yet a og * 


A protection mismatch during channel oe, 
Operation terminates the operation if such | 
a way as to leave the protected storage 
location unchanged.. The mismatch is indi- 
cated in‘the CSW which is stored as a | 
This can only 


When the memory~protect feature is not _ 

m, the protection key. + 
in the CAW and in. the 'PSW must be zeros or 

a program check error is generated. _ 
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on The: 1050 console attachment will previa basic: ‘keyboard | 
‘and printer. for the ec to-program Commun Cations - 


‘ 


sybten® (Figure 5+ 24} consists of: 
te 

1051 ‘console Attachment. 
2 ; 

2030" oo. 1051 Thtertace 


cpu Attachment Ga (1051). 
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Mocated én 2030). 


(connect ing cable). 


1050 sybten (1031 and associated qm equipment). 
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~ - an oe : } 1052 | 
1050 Micro niggrems: ey a, | Printer. 
, 7 | Redder> | 
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*  -Punch-1 Switch becomes CPU Connect Switch. 
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e. Attend-Unattend switch must be in the Attend position. — 
e Request key and proceed light are used‘ for operator initiat- 
' ed input. — : = 
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Figure 5-10 shows the switches that _ a a a 2 er 
pertain to CPU operation with the 1050 it | : a 
Model 1. ~— 
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CPU SWITCH: The punch-1 switch becomes the -The request key and proceed light serve 
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feature. 


“double SMS cards in the a8 


CPU connect switch with the CPU attachme: t 
In the On position the 1059 is 
on- line to the 2030. In.the Off pos ition, 
the 1050 is of £~ -line to the 2030. — 


ATTEND-UNATTEND SWITCH: 
Attend position, because there is no way to 
turn on motor. control, in the 1050 using. the 
home loop. - Se 


! 


circuitry necessary is contained on. two. 
These cir- 
cuits wee adiOw 


- wf 
dos 
S$ t. F 
4 ‘ 

t 2 $ 

‘3 — 7 ( 

. 
; ; _ ty 


‘must be in the 


2. Control of i assis restore. 


the same function as in the Model Nil. All. 


, Other keys, lights and switches maintain 


their function as described in the 1050 SRL 
Menuet. 


The‘ reader-1 switch is removed with the . 
CPU attachment feature because’ the CPU has 
the reader-1 interface connected, and no 
other I/0 device can operate on it. 


ep ATTACHMENT IN 1051. (M1+N1) | 8 a 
e Contains the controls needed to allow pu operation of the ey | | : 
home loop. | ff a. i 
: Several basic controls are needed to have 1. CPU reset of the' home: loop. 
the.1050 funct ion on-line and have the | SG a 
operation:under control of the CPU. The nee - 


3. Control of the | | . 
Baad a lara récognition Tat ches for, 
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Dates without a prefix operation. ye 4 circuits from functioning: when on~ Lire 


4, The turn-on aha turn-off of the ‘home- i. , ° r 
| reader: start. datch. . A ce ae Besides controlling che 1051, the. cir |! 
aa _ “- - Guitry in the attachment feature gctivatde d 
5. Control of the reader~2 hold line. - _ many control lines to the CPU. An explaga®. 
_ tion of these and other connect ing lined to 
6. Downshift and carrier-return eee the CPU is covered ‘in Functional. Units. 
- when needed at the. beginning ~ or end of — 
‘a print operation. 
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IBM 2030 TO 1051 INTERFACE : | ° ; : oa 

Fi 5 a 
© The cable connecting the 2030 to the 1054 is called the | | @ 
interface. .e I ie . 

e Contains four basic sections:- é @ 
1. Read (Punch-1 Attachment) _ — oer 

(2. Write (Reader-1 Attachment) 3 @ 

‘ x { 5 ea At on 

3. Controls to and from the 1054. it ft 

4. vereeage lines and EPO ‘(Emergency Power Off). @ 

Read (Punch=- 1 Attachment) oT » CONTROLS | A 
The read bus between the 2030 ana the 1051 Many lines are necessary on the ifterface - 4 - 
is used to send data from the 1050 to the to send controls to and from the 1051. . ae 
2030. The punch-1 attachment in the 1051 Basically, in write mode, these controls | bey 
is used for this purpose. It contains the are used to prevent the 2030 from running ai 
7 bit lines and controls necessary to send faster than the 1051. Also, during read 
data to the CPU. mode, thg 1051 is interlocked to prevent it —_ ae 

| é | from ia faster than the 2030 program. _. @ 7 
WRITE (READER-1. ATTACHMENT) oe a ane oy a. S. 
_ VOLTAGES AND EPO — tn ee ‘ee 

The write bus portion. of the interface is “a8 ss | — 
‘used to send data from the 2030 to the i. Voltages are‘exchanged between the two 7 so ot Ey 
1050. One means of input to the 1050 is units on the interface. The EPO lines Se ee ee 
‘the reader-1 attachment. The CPU will use _ prevent the 1051 from powering up if the @ ; 
this attachment when sending data to the 2030 is in an EPO condition. A switch in aa 
1050. In, fact, the 2030 looks like a read- the 1051 allows operation of the 1050 off - oh ee 
er to the 1051 controls. line when the CPU is in EPO. : . e@ 
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IBM 1051 ATTACHMENT IN 2030 (FIGURE 5-11) 


¢. The attachment is located in the 2030 and contains: _ 
i —_- | 


1. R/W Clock | 7. i Sy , . a : | . 
‘\ a : : / a re 
2. R/W Register . | 
3. Controls out-TA ; i . a ee a 
7 : so . : a ge a | 
~4. Controls In-TT $ © 2 A oe . | | , | 
| if Pe Pal ; ; ; . Pind ; ns > . . » : ee | 
: >. . R/W Translators na of a a . fo me es " 
6. R/W Controls _ | ce | : 4 ‘ | : : a4 


-7. Share~Request Cont rols . . : t 
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R/W CLOCK ~ 


The clock runs in+yboth read and write A set of 8 lines the microprogram or hard- 
Operations. Duti g the \read operation, the ware can use to test or know the Status of 
', + Clock ‘basically sérves tb time just when the 1050 and/or’the attachment. Such 
- the-CPU will accept ta from the 1050. things as intervention required will be « 
Also, the clock cycles dnce for each read sampled from tihis control area. 
cycle. ~ | " / 
' R/W TRANSLATORS . —* Q} - 
During the write operation, the clock | : $ a { 


» Starts at the beginning and runs until the This is a:series of circuits that will .° 


cone write command is completed. The clock also translate from EBCDI to PT&T/8 and from 
ea serves as a timer, limiting the CPU to the PT&T/8 to EBCDI. a 7 
Pe _ Speed of the 1050 Ivo equipment. | . Te = 
; 1 2 3 | Pe, R/W_CONTROLS ; or 
A set of controls that analyze the contents . 
Of the TA register and @ptablish read, read 
inquiry, write, etc. TRey are used. to E 
® control. the Clock speed and data flow. | 


% 


R/W REGISTER =. Sst 


A set of latches that Store characters 
temporarily during ‘input or Output opera- 
‘tions. 7 2 Uae : 


| SHARE-REQUEST CONTROLS © ,° = si 
| | of , z 2 Ne These controls are activated when ahy con- | 
_ A set of 8 lines that: control Operations. _—_ dition in the attachment Signifies that a 7 

ogrammed share~request should.take " 


‘CONTROLS OUT-TA 


from the microprdégram. The mnemonic desig-~ micropr 
nation of these control out lines is TA. —— place, | 
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Figure 3-11. 1051 Attachment in\ 2030 
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COMMANDS TO THE 1059 


dl a 


e interrogation of Start I/C CCW Command Byte can initiate 


thege basic comands: 


eat 
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BS 


«. Reat Inquiry 


cae erite 
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$.0 OSPREY oo} Z 


aw 
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A read operation is define’ as a macropro- 
gram initiated read instruction to the = 
iv3i. the microprogram checks for Se 
reader-2 and will select the reader, set up 
cOmtrois, and start the attachment clock. 


READ IN GUIRY 


A read inguiry commond is normally issued 
im response to a reguest-in operation fron 
tre 2051. It can be an operator- initiated 
1 and the wicroprocram will allow ars 
imput from the 1082 keyboard, or reader-: 
if the operator so Gesires, provided the 
selected device is set to the home Pos i- 
. 


Li OM. 


A Write corr, 
RrOogram Start %Ivt. 


4 


trols the data flow and checks for any 
Outpyt device at the 1050 being selected 
and ready. 


SENSE 


A command issued to the attachment to test 
the condition of the attachment and the 
i05.. A byte a8 assembled and stored in 
MPX storage, address 64 befcre issuing the 
commansc. The sense Operation stores this 
byte in main storage for further interroge- 
tion. 
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ThAS is command- immediate Operation that 
can be used as a control function. one 
@exarmpie i8 the alarr operation. This con- 
mand rings an alarm for 2 seconds to alert 
the operator. 
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DATA FLOW : 


> 4 


v 
° CPU Read Operation is defined as receiving data at the 2030 
from the 1050. © = 


iN 
o 


e " CPU Write Operation is defined as*sending data from.the 2030 


«to the 1050. 
» - - J 
. ae ; | : # 
Pa 
Figure 5*12 shows the basic data flow path ? Figure 5-13 shows t¥Ye basic data flow 
for a CPU write gperation. Data from the path for a CPU read operation. The input 
Z-bus in the CPU enters the 1051 through at the 1051 is reader-2. Input could also 
the reader-1 attachment and prints on > be Originated at the keyboard. Note that 
printer-1 (1052). This data could have 'the punch-1 attachment is used to send 
been printed ‘on printer-2 or punched on information to the 2030 and on the A-bus to 
punch-2 if the 1050 had these options and storage. 
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FUNCTIONAL UNITS 


IBM 1051 ATTACHMENT CLOCK 


\ a =,» 
e Read and write operations are controlled in the attachment by 
clock timings. 


e The clock is oscillator driven. 
e The oscillator is clamped off when the clock is stopped. 


e One clock cycle results in four timed outputs: w, x, y, and z. 


1. Oscillator and . 2. Drive Triggers and Read or 3. Output Section, Four 
Start - Stop Controls | Write Drive Controls Timed Outputs - W,X,Y,Z 


-1 Clutch 
Rd or Rd Inc 


Not Rd Clock Int/k 


Write 


Rdr-] | lutch ? 


* Set over Rides 
Reset. 


TR-1 Off 


Figure 5-14. Attachmeht Clock 
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The attachment clock is oscillator driven The oscillator in the clock_is always 


and consists of three basic sections. Clamped off when the clock is stopped. 
(Figure 5~14): , When the clamp is removed, the output ° ; 
ae _ Shifts. When the clamp is applied again ; @ 


during a normal operation, it is always 

| ae applied when the oscillator line is "down™ 

2. Dre triggers and read-write controls. _ where it remains until unclamped, when the 
— : : cycle starts all over again. 


x] . 2 


1. Oscillator and start-stop controls. 
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3. ‘Output section of four timed pulses. . “ 
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CLOCK OPERATION DURING WRITE MODE 


® The clock is started at the beginning of a write operation 
and turned off after all data transfers are complete. 


e The cycle speed of the clock is limited to the s 
1050 output device (67.5 ms). 


Rdr=-1 Clutch 


Write 


to] 


Clock — 

Start 
— FL— 

Off 

* Note | 


* Set over Rides 
Reset. 


Figure 3-15. Attachment Clock-wWrite Mode 


During a CPU write Operation to the 1050, 


the character/ repetition rate must be con- 
trolled. T Output devices at the 1050 


Operate at-& speed of 14.8 characters per 


second or approximately 67.5 milliseconds 
per character. The \attachment clock -pro- 


' vides the control ‘to\give a character repe- 


tition rate of 68 mi Nliseconds during write 
mode. rs - 


Circuit Objectives 
Figure: 5-15 shows write controls. The 


cqntrols shown start the oscillator. The 
oscillator drives TR-1 which in turn,. 


1 thy 
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peed of the 


C2 


Time 


drives TR-2. In write mode, TR-2 pulses _ 

are used to step the control latches (oo Brea 
and C4) and also provide the w, x, 

Ye and z clock times. The flipping of TR-2 
is timed by the oscillator and TR-1 so that 
each complete clock cycle results in 68 ms 

(17 ms per stage). 


C2; C3, 


When TR-2 is on, it Supplies a drive 


pulse to C2 and Cu. When TR-2 is off, a 


drive pulse is available to C1 and c3. The 
actual stepping and timing controls to the 


clock are s 


3-16). 


hown. in the timing Chart (Figure . 
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- RDR-1) Clutch 


Circuit Description 


The idle conditions of the clock are: 
Oscillator clamped at the off level 
TR-1 off | 
TR-2 on 

C4& On 

Clock Start Off 
Reader-1 clutch line is made active by 
the write command if the 1050 is on- 
line and ready. 

Clock start turns on with: 

Write 


a. 


b. Reader-1. clutch 
3+ a 


C1 ‘turns ok with Clock Start 


W-time is available with Clock Start, 
and C4 on. : 


Clock Start 

Oscillator é 
a % 

TR-1 


TR-2 


Each shift of the TR-2 line will 
advance the control latches one step 
and provide a clock-output pulse. 


Once started, the clock runs continu- 

ously unless the reader-1 clutch line 

Grops. Reader-1 clutch can drop under 
two conditions: 


End of the write operation. — 


a. 
b. A carrier return, line feed, or 

: tabulate operation in the 1050. 
The clock will stop with the idle con- 
ditions: 

a. Clock Start ae } 
b. Oscillator svanpea off 

Cs TR-1 off 


TR-2 on 


C4 on 
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Figure 5-16. 
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Attachment Clock-write Mode Timing Chart 
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CLOCK OPERATION DURING READ MODE 


t 
ve 


e Data originating at the 1050 controls the cycle speed of the 


attachment. ’ 


° Clock is used to set data into the R/W register and initiate 


_ @ read-share request. 
e Clock runs at a cycle rate of 34 ms. 


e ° Each: character sent from the 1050 


allows 
Qne cycle and stop. 


During a CPU read or read-inquiry opera- 
tion, data is sent from the 1050, and the 
character-repetition rate is controlled by 
the 1050. The clock is used to set the 
character into the R/W register and ini- 
tiate a read share réquest to the CPU. The 
clock runs at a repetition rate of. 34 mi 1l- 
liseconds and runs one cycle for each char- 
acter sent. | | 


Circuit Objectives | =. ts 
~ Mee 


BR .o j 
The basic read controls are shown in Figure’ 3. 
The oscillator starts under read | 
control and punch-1 clutch from the 1050. 
The oscillator drives TR-1 and supplies the 
drive pulses to the control latches (C1, We 
C2, C3, and C4). It also provides the 
timed w, x, y, and z clock times. TR-~1 5 
flips every 8.5 milliseconds resulting ina 
Clock cycle of 34 milliseconds.’ When TR-1 
is on, a drive pulse is available to the C1 6. 
and C3 control latches. When TR-1 is off, . °* 
a drive pulse is available at the c2 and C4 
control latches. Figure 5-18 shows the 
actual timing and stepping controls. 


- Circuit Description | 7, 


1. The idle conditions of the clock are: 


- 


"a, 
. 


oscillator clamped at the off 


~ 


the clock to run 


b. -TR-1 OFF 


a. *“C&u on 
e. Clock start off. 


Punch~1 clutch is activated from the 
1050 at the time a character is ready 
to be sent. 


Clock start turned on by punch-1 clutch 
and read or read-inquiry operation and 
not read clock interlock. 


Ck turns on with oscillator Start. 


The clock steps one stage’ with each 
fl ip of TR- i Sa re ° 


At Y time, the read-clock-interlock 
latch is turned on to allow stopping 
the clock at the end of 2-time. Read 
Clock interlock falls with punch-1 
clutch, _ | ’ 

Clock start-drops with not oscillator, 
not TR-1, and C4 on. 


The clock is now Stopped until the rise 
Of punch-1 clutch from the 1050 for the 
next character. “3 | | 
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Figure 5-17. Attachment Clock-Readih 
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y CONTROLS_iN-TT * : | 7 


e A set of ase lines used in the mi croprogram to test the / 


. ' status qf the attachment ‘and the 1050. ; : . 
= % + aa 
® Assembled as'a byte on the A-bus with the ROS sider. Gate @ 
1050 _Tags In. ; et Pe ; 
_ r P a, 
a. Proceed A Pa e 
(25d eR, Cance! ; ; a 
et BE og Not Home Reader Start | Decode : 
ee a ae : ae Runde” | ; . Note: TT is not a register, “@. 
. te ne = Biter ¢ | “Ede SS. but a set of 8 lines that 
‘ oe # ig So. SO ; sa cs can be gated to the A ~ Bus. 
t . oF ° 
a ! ‘ ne Read Share Request _ | A e 
EOT a | X 
a - 
TT 
Reader 2 Not Read OR Reader - 1 Home Cancel mo . 
1050 Not Oper. \ p ' “4 (From 1050) Reader ~ 2 Read a 
| | ) A | CPU See SS rom ide eader eady x | 
Not Read Share . ay ne End 
ntervention! 20 mer 
Request Required ~ 1050 Operational £x 
| (From 1050) Home Start +——— - 
Not Read Share Reques = ea 4 ——— \ A Bus eo 
Resa faculty | | | ntervention Requirag oa 2 
; P Attention »—— | 
1050 Not Oper ero. | ee 
SS Data Check ° 
: nae = . 
Not Wrife Share Request ene < —S 
CO A i} P ———_ 
Not Restore Gate 1050 Tags In. p——— 
‘Gate: 
— 1050 Not Oper = | | 
if Output Not Select _- , Request Kay | Aitentes = 
end Ready iy eae rear ! Lateh 
. | - e 
. i ited 
; Parity , : | 
° ; Check 
a Circuits | ? | = e@ 
e { : 
| — oe ; 2 
Figure 5-19. Controls In-TT ; ? See | . : © 
pe , . ¥ ; ry ‘ 
To operate properly, the microprogram must TTO = Cancel: This line is active on a e@ 
be able to test conditions. within the read- inquiry operation if the’ character 
adapter and:in the 1050. Eight lines “decode is B-bit and C-bit, (cancel char- 
designdted mnemonically as TT provide this acter from 1050). 
control. At any time the program needs the . : 
Status of these lines, a ROS order, Gate = ’ 
1050 Tags In, will assemble a byte on the | TT1 = Reader 2 Read This line comes from 
A-bus with a destination specified in‘ the the 1050 on the interface and signi- eo 
program. Further interrogation of this _ fies the miegeies is on the home loop 
byte will follow in the microprogran. 7 _ and the paper contacts are satisfied. 
: _ Si TT2 = End: This ‘line is activated on a read @ 
| The eight lines have ocean designated | Operation if.the character decode is 
r (Figure 5-19): | EOB or EOT:from the 1050. The ready- 
: ee ’ ; 
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Share interrupt also sets this line 
to indicate device end. 


% ; 
TT3 = 1050 Operational: This line if the 
AND condition of reader-1 home ana 
CPU connected interface lines fror 
the 1050. ee % 
_ TT4 = Home Start: This line is activated 
- ¢ when the home-reader-start latch is 
es on in the 1050. f 
TTS -= Interventien Reguised: Three 
conditions. can activate this line; 


© 1, Read Qferation-reader-2 not ready 
Or 1050 not operational. 


> 


5 - er 
CONTROLS OUT-TA ® 


@ A set of eight lines is used to 
during I/O cycles. 


the ROS order Gate 1050 Tags Out. 


» . ’ a 


Wuring any operation with the 1050 or the 
1051 attachment, controls must be available 
to perform the operation; the unit must be 
told what to do. The TA register performs 
this ‘furiction. It consists of eight lines, 
each represemting a control or command to 
the 1051. ne Aerie » 


Each bit-line of the 2Z-bus 
the 1051 attachment with the ROS 


Order: gate 1056 tags out. 
Z-bus input. 
, it sets the 
The rest 


ition 


If the zero bit line has a bit 
latch called home readér start. 
of the Z-bus lines set latches or 
lines with the presence of bits on the 
Z~bus lines. | 


Let's briefly discuss each line and its 
purpose. : 


TAO-Home Reader Start turns on the home- 
reader- start latch in the 1051 if the 
1050 reader 1 home line is agtive and : 
the TA proceed latch is off. 


TA1-Reader 2.0n drops the Reader-2 hola 
line if no other condition is 
attempting to hold it up. 


b 


“PA2-Micro phargeieuuest causes a share- . 
; request cy in the CPU and allows the. 


1030 attachment program to taka a share 
cycle. »_ | 


-@ Byte is assembled, it is pot on the 2-bus and set 


ne rane 


a _ 


¢. Read Inquiry Cperation-1056 noe 
Operational. 


ge. write Operataon- 1050 nor cope ra- 
tacnal or Cutput poe leleet and 
Ready. , 
ty ee . 
ae 
ge = Artention: This is aetiveted py a 
ral re;vest from the 1659. 
-_ : f 
gis a, ~ata Check: This is activet ed on « 
" réad operation from the Parity-check 
Care 


Cuiatsh in fie attachment. 
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Figure 5-20. controls Oye-TAa 


TA3~Proceed unlocks the 1032 hey boerd and 
lights the proceed light if the | 
attachment’ is not in a reed share 
request cycle. aat 


i 
Ps 


TAN" Rang _Alare a> ms single-shtt puibe to | 
ring the alarm if the system is. | 


equipped with the feature. 


TA5-Carrier Return and Line Feéd sends an 
80 ms pulse to the 1052 printers to 


ae “CONTINUED ON 


FRADE | os 
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; a A | 
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. 5d adi 

‘ , ; * : a er 

pipeerearer 

i és “ai oo. : ‘ 4 ones ‘ ities - Sis Se fem ge ‘ 


return the carrier gna cause a line _ TA7-1050 Reset allows a reset to be sent to 
feed. | | os 7 ‘ the 1051 to reset the home loop if the | 


t | ; —  . 1050 is ‘selected to the SPU 
TA6- Atténtion Reset resets the attention = | | _ 
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oe oA ne ‘of etabe ieeeiens 8 bit- - positions each representing. a 
bit when on and no- bit ‘when off. | oe, 
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° Used both in receiving PTET/8 code or ‘Sending ©pcpq_ code | A gb ome 
. before translation. 


“ 


& : < \ fal Ae 
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Each position of the R/W (Read or Write) > position _ 
: register represents a specific bit, depend~ . wiz 


ing on the operation being performéd. ‘Data 
’ can be handled either during a read opera~ 
= tion or a write operation. Figure’ 5-21 : 0. 
_- shows the register positions and their use : 7 
during each mode of operation. : 1 


oe oe | a 
T iat snes, used in the R/W register are 


ow 


~ not. et bya common reset line. Any time 
the R/W register set line is made active, 
“the latch for each bit position assumes the ¢ 4 
ane logic on the bit line input. For example, . & 

’ if the bit O-line has a bit when the set 5 : 
ie line is-made active, the latch 4ssumes the 

- state of containing a 0-bit.. If the bit —. 2 6 
Ke O-line does not contain a bit the next time | = 


the set line is active, the latch assumes 

| the status of containing no 0-bit. This 
register, therefore, will always have some- | 
thing in it, and will be allowed to change 
state only when the set line-is made 


Z active. a 


Read or Read Inc 
Punch - 1 Clutch . 


rend 


‘ ‘ 


Figure 5-21. Read/Write Register 
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SHARE-REQUEST CONTROLS-POLL CONTROL 


e Will capture polling if the 1050 has request ed service: 


* | Uses MPX channel SEL-0 and SEL-I pulses to capture polling 
| when necessary. -_ 


é | ; 
e Will force CPU to channel mode and prevent the MPX channel ° ay 
from running until requést cycle is over. : 


The share-request controls are used only nel poll lines select out (Sel-0) or select 
when the attachment circuits call for a MPX in (Sel-I). If the 1050 attachment is 
Channel shar@ cycle. The contréls will be installed first, Sel-O is sent through it 
active when any one of these conditions is before going to:the MPX channel. If the 
Satisfied: 1050 is installed last, the Sel-I line is 


Sent through its«before returning to the MPX 
channel poll controls. | 


i. TA micro share-request latch is on. 


ae 


2. ‘Request key operation, not run mode, _ . Let's consider polling with start 170 
; and not TA micro share-request latch and request cycles. : 
on. Pg Be oe 9 


¥ 


Pied 


™% 2 The 1050 is not polled during a start 
I/O operation. The microprogram recognizes a 
: the address as the address of the 1050.. 
4. Write sharexyrequest. . This causes an exit from normal »start 170 
os i. a : P into the 1050 microprogram . During the 
~-1050 start I/O, controls will be set up to 


) ee | , a 
3. Read share-request. : : 


we, 


9. Intervention required. - 


. si: cause share-request cycles; the Start I/0 
6. Ready Share-request . ae routine is ended.’ Even though the 1050 
| | Se does not, require the Sel-o and Sel-I lines 
The control circuits are used to inter- sere ead I/O, it must be able to 
lock ‘the MPX channel polling cirquits. handle them the same as any unit on the . 


Because the attachment is physically in the 
CPU, install-.it first or last on the chan- 


¢ 


- multiplexor channel during a start I/O to 
any unit actually on the MPX channel. 


} 


. : . Pr 
POLL CONTROL--START I/0--1050 INSTALLED FIRST aS : 


® Sel-o is generated by the start-select-out latch through 
microprogrammi fg. os 


e Polling pulse bypasses 1051 attachment controls. 
~ 


» 


back to the CPU as Sel-I. Here, it is 
determined that the 1050 is first on the. 


The start I-O instruction tutns on the. 

Start*select~out latch ih the multiplexor = a 
Or channel poll circuits (Figure 5-22). _ channel and the Sel-I pulse will funct jon \ 
The Sel*O pulse is sent *o the channel, - aS in a multiplexor channel Operation a 
delayed by each unit, : oni sent turn off the start-select-out latch. 


; a 
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Figure 5-22. Poll Control--Start I/Q.to MPX Channel with 1050 Ingtalied First ; 
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POLL CONTR@L--START I/O 1050 INSTALLED LAST. 


e Sel-O is generated by the start-select-out latch through 


microprogramming. 


“Sel-I is directed through the 1051 attachment circuits and 


then to turn off the Start-select-out latch. 


~- 


The start-select-out latch is again turned 
On by the microprogram (Figure 5-23). The 
Sel-O pulse is sent to the Channel and is 
delayed by each control unit as atest is 
made to see if that unit can capture the 
Sel-O pulse. If no unit captures the Sel-o 
line, the pulse returns to the MPX channel 
circuits as Sel-I. 


An attempt to turn off start-select-out 
1s made, but because the 1050 is installed 


F 
A 


epee 


at 


POLL CONTROL-~1050 REQUEST KEY OPERATION 


of 


C7 


® Request key causes’ a share-request. 


last, 
attachment share-regquest controls. 
the Sel-O detect latch is turned On, and, 
after a short delay, the Sel-o delay latch 
1s‘turned on. 
now called 1050 Sel-I and will now enter 
‘the multiplexor controls and turn off the 
Start-select~-out latch. | 


uy 


& 


the Sel-I is routed through the 1051 
Here. 


The original Sel-I line is 


Sel-O is generated to the 1051 attachment by ‘the select- 


request latch. 


1051 attachment captures ‘polling by stopping the sel-o 


pulse. 


Attachment circuits 
request. 


When the Operator presses the request key’ 
On the 1050, the attention latch is set in 
the 1051 attachment (Figure 5-24). If the 
Channel is not polling at this time, the 
prepare-to-share latch is turned on. The 
same 1¥fne activates 1050 req-in. The sel- 
req latch is turned on in the MPX channel 
controls if the MPX channel is not busy 
with another device. The sel-out pulse to 
the 1051 attachment is generated when the 
select-request latch turns on. This pulse 
turns on the sel-out detect latch in the 
1051 attachment, and at the same time the | 
1050 op-in latch is able to turn-on because: 
the prepare-to-share latch is on from the 
Original request. : 


The 1050 Op-in latch does three things: | 


5-23 1208 | 
— : RQG || 


Prevents the turn-on 


| P 
bring up 1050 operational-in and T- 


of the Sel-& delay 
latch which captures the polling 
sequence. - 

; : 
sends 1050 Op-inéto the MPX controls, 
clamps the select-request latch off, 
and drops Sel-0O. -This prevents turning 
on the sélect-~request latch until the 


1050 Op-in line falls. 


sends T-request in to be used in the | 
microprogram. At this time the micro- 
program will branch to the 1050 routine 


.and further control will be by the 


microprogram. The share- request con- 
trols simply allowed a share cycle to 
be initiated and the 1050 to capture 

the polling sequence. 
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Figure 5-24, Poll’ Cont f>1--Share Request from 1050 
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IBM 1051 TO 2030 INTERFACE 
r 
e Paddle connector C03 (Punch~1) is used for the input to the 
CPU. 


° Paddle connector A03 (Reader-1) is used for the CPU output 
Operation. bg 


e paddle connector D06 1S used to route the control lines to 
and from the CPU. 


e EPO (Emergency Power Off) controls the 1050 power-on 
sequence. : 


a 


° Cable will enter the 2030 at O1FA1. 


2030 105) ; 
The cable connecting the 1051 to the CPU 


will be referred to as the interface. 

This cable can be broken down into 4 basic . 
O Volts Bit Punch-1 (6 bits +P) | Punch 1 sections (Figure 5-25): 

-12V Punch-1] Paper Contact Interface 

Cl 7 Paddle 

po inch: Clute Connector 1. Data to the CPU (Punch-1) : 

- 3 Volts CO3 2 


7 ie 
we 


| 
| 


=L-CRUHome Readar-2 Held 2. Data from the CPU (Reader-1) 


~L CPU Proceed ; < 
-L CPU Reset 


he 


| Be Gontrols from 1051 to CPU, controls 
~ ~L CPU Shift Restore : from CPU to 1051 
. 2 ¢ 
\ . -~L CPU Printer CR - LF (16-ms) 
| ~12 Punch 1 Home Switch 


-L CPU Home Reader Start ie 4. Voltage interchange and EPO. 

Attatchment 
-12 CPU Home Reader Stop . Féeohure 3 2 
Signg! Ground Paddle | 


4 


Connector Let's take each of the basic sections 


+12 Reader 1 Home Switch : ‘ 
DOS and expjain the lines and their purpose. 
1050 ~12 Home Reader Start Latch a peeP 
Console ee a 
- -l Output Select & Read : wee a 
_Attatchment Asean send i , 


“ ¢ 


+12 CPU Connected , 


-L Home Reader-2 Ready: . 


eo 


Reader | ‘ 


( ) Interface 4 


AOQ3 


[TE Reader Strobe (16m) | a 
0 Volts Reader Clutch ‘Connector 


#4 Volts 
Emergency 
Power Off | 


Circuit 


+12 Volts 
Voltage 
Bus + 


Connector 


I 
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Figure 5-25. 2030 To 1050 Interface | 
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READ (PUNCH 1) INTERFACE, FIGURE 5-26 = = A-bit on the interface. The common of all 


= _ the bit relays is fed by -3 volts from the 
This section of the interface controls the 2030 to the 1051 (Figure 5-27). The actual 
data from the 1051 to the CPU. Input in level of the interface signal is -3 volts 
the 1051 can be either a keyboard or a for a bit and +6 volts for a no-bit condi- 
reader. tion. 


: 105) | Interface 

' 

Interface | 

Paddle | 

Conkhector | a | 

-3V A Bit Punch | (OV A Bit Punch-1) 
@ 
| 
| a 
4 -3V From CPU 


\ 


| 
| 
| ~3V 1 Bit Punch | (OV I Bit Punch~1) 


T : ee - 


Fig@re 5-27. Read Relay ,Cont rol 
of PCH Bit. Lines 


-~12V_ Punch-1 Paper Gontact 


This line. is merely: a. Sreturn of -12 v to 

the 1051 through the interface. It Satis~-.. 
fies the punch-clutch circuits and also «= §¢ 
indicates that the cable at abe 1051 is 
properly installed. 


att 
e! 


0 Volts sae te 


This line is reed-relay krOlled in the 
Same manner as the data ines. It 
‘serves as a strobe sighs the CPU that a 
character is on the interface. The voltage 
) levels on the interface are -3v on and +6 v 


\ + 


Figure 5-26. Read (PCH-1) Interface WRITE (READER 1) INTERFACE, FIGURE 5-28 


. 


Q Volts Bit Punch-1 (6 bits plus P) . Data sent from the CPU quring.a write oper- 
, ~ ation will énter -the 105 home loop on this 
. These lines are reed-relay controlled in Section of the interface. -Once the data is 
- the 1051. -If the character being sent has on the home loop, any Output device select- 
- anaA bit, the reed-relay controlling the _ ed and ready will print or punch. the infor- 
A-bit line will transfer ,obndicat ing an Maton. — 


. a? AN, 


Section 5 5-33 
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‘Form ¥24-3362-2_ oy 
@ FES Y24-0510 y 


timer in the 105l-is started by this timed 
pulse to initiate a cycle in the 1051. aA 
reed-relay in the CPU switches +l2v from 
the 1051 back. to the 1051 as.a’+E for on 

: and -E for off. Notite that the line write 
strobe in the CPU becomes reader strobe in 


Allow Strobe 
2 - Time 
Write Latch 


Write Strobe 


Reader Strobe 


Figure 5-29. Reader Strobe 


+E Bit Reader (6 bits + P) 
These lines are reed-relay controlled in 
the CPU the same as reader strobe. The 

duration of the pulse on the interface is 
longer than for reader strobe... Once the 
1051 home timer is started, whe character 
is handled as a normal 1050 nase cycle. 


+ E Bit Reader. (6 bits + P)' Reader | 
“+E Reader Strobe (16 ms) Interface 


. ) ona Paddle ye 
: ae O Volts Reader Clutch Connector ue 


f 


AO3 4 
OBpet Si Velie’ x CONTROLS FROM THE 2030 TO THE 1051 (FIGURE = 
2424 Molts = 
‘ onsite pe Emergency 5-30) 
mr _| Power Off -| : 
is Pe SOU Dc ieee ee) hpeutke ee This section of the interface is used to 
PS A2 Velip ee ies oo e_— send control lines to the 1051. The 
[meecaninininneeneennnnnessimed Volt : operation of the home loop on-line depends 
Lo le Volts eT Bag. 3 af these lines functioning properly. 
h 3 =L.CPU Home Reader-2 Hold (Figure 5-31) 
Figure 5-28. Write (RDR#1) Interface | | | & 0. 
: . | . When.on (-¥#), this line prevents reader-2 
| from reading. It can be gated to the 1050 As 
i if the 1051 is operational and the reader-1 \ 
| / home line is active. Reader~2 hold will be 
Q Volts Reader Clutch { ..on whenever the 1090 adapter in the CPU is 
hes | in write mode. ‘With the adapter in read 
This line is a signal to the CPU that the mode, the line will be off until read ~ 
reader-control circuits in the 1051 are Share-request turns on. At this time the 
Satisfied. If the os home loop is per- adapter has the character stored in the R/W 
forming a function, such as CR-LF, reader register, waiting until the CPU can accept 
clutch will be blocked, and the cpu will the data, and the reader-2 hold line will 
wait until the 1051 activates the read- “turn on to Stop the reader at the 1050. 
clutch line again. The level of this line : —_ 
is -3v on and +t6v off. and is controlled by . ‘ i 
a reed-relay the same as punch clutch. At the time the CPU writes the charactgr — 
: Phe. a vr in storage, reader-2 hold is turned off ‘and 
: ; the reader is allowed to send the next 
+E Reader Strobe (Figure 5-29) ‘. Character to the CPU. (Figure 5-32) Using 
: | . | the reader-2 hold in this manner prevents 
The CPU activates this line when it has a the 1050 from running ahead of the CPU | 
character to send to the 1051. The home (sometimes referred to as overrun). 2. 
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Figure 5-30. Cont ro¥S from CPU to 1051 . 
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Character in Read Register 


Read Share Request 
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Write Character in CPU eee ee eee eee eee 
Note: This delay can vary, depending on the CPU program. RDR-2 hold will iene 
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stop the mechanical reading until the CPU Allows the character to be accepted: :- 
Figure 5-32. Reader-2 Hold Timing Chart | % 3 = ’ 
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« 4 . may 7 x x e P 
>L CPU Proceed (Figure 5-33). ge ‘keyboard unlocks and the proceed light. 
| ; - “comes on when the proceed line is on (-L). 
When off, this line causes the keyboard on §The CPU proceed line is controlled during 
the 1052 tp become locked if it is selectéd réad-inquiry mode by read share-request to 
on the home loop, if the 1050 i's on-line .. provide data overrun protection when enter- 


and the home -loop is selected. The 1052 “ing fromthe keyboard.« 
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wa as 2030. aan - Sx ; * a 105) ~ _ = 
rf ; = ad — Proceed Light 


CPU Procéed 
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Figure 5-34, 1050 Reset 
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~i_CPU_ Reset (Figure 5-34) - Printer-2, home- component-recognition 
é, .latches.- 

‘When on, this line resets the home loop on 

the Ni; : 
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2. Does Not Reset B@ader 1, Punch 1, and 
~. Reader 2. Th e 
home- component»recognition latches are 
always force selected by the 1051 for 
on~line operation. 


1. At Z-time of a clock cycle in write 
_ mode. ‘ 


2. At not~punch clutch time and read-clock 
interlock during read -mode. . 
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The preceding conditions force up the 
home-reset line in the 1051. 
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=L_Restore (Figure 5-35) 
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When on, this line forces all 1050 printers 


If the home-component recognition See to shift to lower case if the printer (s) oat 
ture is installed in the 1051 and the 1050 are Switched to.the home loop. Another 


home loop is on line to the 2030, as function of this line is to force the 
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reset: _-*printer-1 home~ component-recognition latch 
On if the 1051 has the 
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home- component~recognition feature. 
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~L_CR and LF (80 ms Pulse) Figure 5-36 
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When on, this line forces a printer 
carrier-return and line-feed function to 
all 1050 printers if the printer(s) are 
Switched to the shome loop. Internal 1051 
circuitry will drop the: reader-clutch line 
to the CPU while performing a CR-LF func- 
tion. | \ 


-12 bunch i Home Sw (Figure 5-37). 


-12 volts from the 1051 is Switched in the 
Mod 30 adapter via a reed-relay point... The 


> 2030 


1051 


PCH-1 Home Switch 
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Figure 5-37. 
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is in.a read operation. 
switch utilized for CPU o 
line activates the punch- 
to allow home-loop operat 
circuits. ‘ 
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~L_CPU_Home Reader Start (Figure 3-38) 


When on, this line holds the home- reader- 


Start latch in the 1051 i 


When the CPU is in write mode to the 1050, 
this line turns on the home-reader-start 


latch automatically. / 


CPU Switch - On, 


Punch - 1 Home Switch 
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. Printer ~ 1 CRand LF Ext... 
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7-12. CPU Home Reader. Stop (Figure 5-39) 3. The attend-unattend switch is in, the 
‘ oo | attend position (1050 Mod 1 onhy). 
-12 volts from the 1051 is Switched via a. Sd ; 
reed-relay in the CPU. This line turns the 
1051 home~-reader-start latch off if the 
reader-1 switch is set to the Home position 
and any time the attachment is not in run 


mode. ox 
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CONTROLS FROM THE 1051 TO THE 2030 (FIGURE 
@ 5-40) 
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These ines are used to send coftrols to 
the CPU and are generated by the 1051. 
+12 Reader 1 Home ” . 


The reader-1 switch is removed from the a a See 
1050 when the CPU attachment is installed. Js ens Minmatar: 
Therefore, the CPU connect switch activates : a he 


this line.when on line to the CPU. 
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+12 CPU Connected (Figure 5-41) 
' , This line is controlled by a reed-relay at. 
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| “ the 1051. When on, this line indicates: | __ 
1. The cpl connect Switch is in the On —- 
position. a | 
ne The “+ 1, -12, and +48 voltages are Figure 5-49 aoe 3 | 
. ae ; ~4O. trols fro 
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“t-use@s~ reader-1 home line with this line to ~ 4 s 3 : 

indicate the 1050 is ‘operational. _.» This line will be active under these condi- 

: tions: > 


-~L_ Home Reader Start Latch (Figure 5-42) 
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1. Without Home Component Recognition 
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Se a sneer” 


2, When on, this line indicates the home- - Feature. The line will be active if © 
' @s -reader-start latch is on inthe 1051. It | One or more output devices are switched 
~alloWs the CPU to identify a keyboard or . »* to the home loop and their 
-regder~2 entry during a read inquiry locks are satisfied. 
operation by testing TT-4 position. Se . 
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‘4. ae | | 2. With Home Component Recognition. The 


. ‘1051. : ‘ 7 2030 tion as in 1 
Home Reader . 
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‘ progxam-dup ses ace is in the dup posi- 
-~ The program-dup switch 
is in the program position. 


Start | | | will be active if one or more output 


Home Reader Start Latch 


_ TT-4 Home Start 


is on. : 


Figure 3-42. Home Reader Start 


=inHome_Reader-2 Ready (Figure 5-43) . = 
When on, this line indicates that reader-2 “ 
has been switched to the home loop and its | 

paper interlock has been satisfied. The ~~ 

TT-1 line is activated by this’ line. 
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Figure 5-43. Reader-2 Ready a  & } 
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paper interlocks are satisfied, and 
their home-component~-recognition latch 
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#12 Request ee 2. Controls to prevent “ite 1050. operation: . 
when the CPU is ssid EPO conaition: 
When on, this line inAlcates that the oper- 
ator has pressed the request key and wishes | - 
to send data to the CPU via the 105@. The 3. nspation of the 1050 off ‘ine when the 
attention latch will be set by this opera- | foev is in EPO if a CE is present to 
tion. | ‘ 4 ma ke thewnecessary change (flip the 
ig oe : 1050 switch to off-line). 
Figure 5-45 shows controls that inter-, 
lock within the 1950 CPU attachment only. ae 
; BO | The 24 volts dc, +12, and -12 volts. 
‘ enter the interface via meper® connectors 
EPO (EMERGENCY rer OFF) AND pe VORTOSE, and cable. ’ 
EXCHANGE . i : 
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. - The. EPO cable plugs into the 1051 end 
The EPO tnterioek provides (Figure 5-46): panel (Figure 5-47). Also mounted on this 
. mG panel is the power control switch for 
1. Normal .y@5@ off-line operation with  on-line/off-line mode, and the HD-1 relay 
normal CPU power-off condition. used for EPO. 
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_ PARITY CHECKING M i is 
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3. Not run.condition. 
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The PTTC/8 bits are always. parity-checked. not write latch on. 
within the data parity-check circuits.’ In 
Order for the parity-check circuits to 


There is not any latch 4 
to remember the data check; therefore it is | 
: up £0 the microprogram to test the TT lines _| 


. activate TT-7 (data check) the bit-count .: .and sample‘the data- check line each Gata-. 
-has to be éven and the attachment has to be transfer cycle. - — | 
in_ run mode, not TT-O (cancel decode), and ~* : : “: 
; tp eee - CONTINUED ON | 
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ee The PT&T/8 C-bit is generated to maintain odd count. 
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START I/0 MICROPROGRAM 


e The 1050 has a fixed multiplexor channel. 


location K-9 (hexadecimal address 99) 
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Read inquiry 
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Read Reader-2 


*« ie 
e ; 
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When’ the 1050 routine is finished, the . 
restore CPU and other steps will again be 
shared with the multiplexor channel pro- _ 
grams. One significant fact that should be 
covered: The 1050 microprogram during start 
. I70 does not make use of .the polling cir- 
cuits to cause selection. --The fact that 
the UCW address is 31 cause as’‘a 1050 
break-out. Then the -command-start latch |. / 
coming on prevents any request cycles being 
' Generated by the multiple sor channel. | 
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‘The 1050 unit Status byte is stored in the local? 


Commands that can be executed via the start I/O are: 
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THEORY OF OPERATION 
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UCW address of 31. 


storage 
a 6 


hd 


ae 


oe : md y | r 
Write on é . . 
Write with Auto New Line \ 
Control No-op ? : 
a é | 
Sense si 
| Control Alarm : . - 
; { o- : te to ee 
° The 1050 start I/O shares much of the miltiplexor channel _ 
microprogramming. | sy roe 
Consider the start I/O operation and its 1050 UCW Format ° 
application with the 1050 attachment, a ee 
_ Because the 1050 console application is an i - The byte. format of the 1050 UCW is the same 
I/O operation, the CPU should function as a as the ultiplexor channel. However, the 
‘Channel when sending to or receiving from - bit peti” of, the channel status 
the 1050. Although not actually part of. byte and’ ag dé ops byte are differ- e 
the multiplexor channel, the attachment. > @nt . ‘ | Me. 3 e 
circuits simulate a multiplexor channel. * Oh ee | . 
Enough controls are activated to force ‘the po +--+ an leteteietenmnen tate 
CPU to channel mode. ° The multiplexor chan- [Channel | Op. | Count 1. ) 
nel start I/O microprogram is shared with “|Status | and ph. | “| 
the 1050. This microprogram is used until | { Flags |High JLow «| 
it is determined that: the unit to be Ld wae eee ~ ed d 
. Selected is thé 1050. The program knows 
this by the unit address. The 1050 has a [rn pe ne 5 abeahatpdeabatens ieteteteateterete 
fixed address of 31, and once this is det- | Data oe | - Next CCW | 
ermined, the start I/O routine breaks out | " Address | _ Address 
“into the 1050 routine. | | | High | Low. {High | Low ” | 
- ee Cee cee ss as etree hance myer erence S 
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Bit position of UCW status 


i] 
Zero count 


QO a 
1 - Channel control check 
2'- - Not used . 
3e- x | . 
Ye ~ y¥ . | | 
2 - Wrong length record -. 


Program check .* , 
Protect check 
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ies 3 and 4 are used together 
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Interrupt in unit 
Interrupt in buffer 
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. Bits ® and 4 of the UCW status byte are 
used differently than in a standard Start 
TVG. If bit-3 is set, an interrupt is in 
the unit. If both are set, an interrupt is 
in the buffer. ‘ 


UCw OPS AND FLAGS 


Bit Position 


0.-- Chain data 
1 - Command chaining 
er 6 SLI 
3 - Store ACR (Write), Skip (Read) 
4 o- pcr 
5 - Active 
6 = - Bits 6 and 7? 
{ of the CCw 
: ie command byte 


The Bit-3 position of the ops and flag 
byte is used to store an automatic carriage 
return at the end of a write operation, as 
well as skip flag during read. The Ccw 
command byte bits 6 and 7 will be stored in 
bits 6 and 7 of the,e@és and flags byte to 
indicate what the operation was when the 
UCwW is used during share cycles. 


Unit Status 


The unit status byte is stored in the K 

addressable portion of local storage. Its 

mnemonagc designation is K9, and the actual 
hexadecimal address is 99. Listed are the 
bit position, its name, and the purpose of 
the bit when set to a "1." ‘ 

a. 

0 = Atfention. This bit represents a 
request ‘issued to the CPU from the 
1050, and that the read-inquiry opera- 
tion should be started. 


1 -= Device End Search, This bit is on wher 
tne CPU has reached a zero-count durinc 
a read operation, and the 1050 still 
has not sent an FOB or EOT. This 
allows the 1050 to keep running until 
the EOB or EOT is sensed. No data 

t isfers are taken during this time. 


2= interrupt Stacked. This bit is set 


when any interrupt condition (device 
end, channel end, etc.) is sensed and 
the IB is full. 

3 = Busy. Unit is busy. 

4 = Channel End. The end conditions caused 
by the CPU or microprogramming set this 
bit (zero-count). 


> = Device End. These end conditions by 


the 1050 set this bit: Eos, EOe Or 


C03 


cancel. A ready- 
device end. 


cycle will also set 


v 
* 


6 ~- Unit Check: Error in unit. | A 


Se en en RNA eR Nieman tt 


Sensed during a read inguiry operation 
sets this bit. 


NOTE: Bits 1 and 2 are for 1050 micropro- 
gram usage only. They will never be 
presented to the CSW as such. 


1050 Commands 


The 1050 commands are represented by a 
Single byte. The bit utilization for each 
command is shown in Figure 5-48. The 
microprogram branches on these command bits 
and assembles a pyte on the A-bus with the 
micro order: Gate 1050 tags out. This 
instruction sets the correct TA register 
latches to-perform the operations dictated 
by the command. 
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Figure 5-48. 1050 Command Byte Configu- 
ration 
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READ INQUIRY: This operation is normally 
ste®ted at the 1050 by the operator press- 
ing theprequest key which,-in turn, ini- | 
tiates an attention interrupt. A read- 
inquiry command, via a start I/O, initiates 
a series of events that eventually unlock 
the keyboard and. light the proceed light. 
input can be split between the keyboard and 
reader-2. - 


READ READER-2: This command attempts to 
read from reader -2 through programming. 
No reguest key operation is necesSary. , 


WRITE: This command can be used to send 
information to the 1050. ? 


cae, 
om 


‘ 


oe 
¢ 


r 


% 
s 
» 
a 
A 


@ 
8 


# 


Seg 


WRITE WITH ACR/LF (AUTOMATIC CARRIER 
RETURN/LINE FEED): This command is the 
Same as write, extept that at the end of 
the operation an automatic carrier return 
is sent to all printers selected. The ACR 


1S stored in bit 3 of the UCW ops and flags 


“byte. 


SENSE: A command that forces a share- 
request cycle and tests the status of the 
sense byte. The sense byte is stored in 
LOCAL STORAGE at 04. 


CONTROL ALARM: A command that sets TA-4W to 


cause an alarm to sound. This command can 


Read Start I/0-Example 


A A TE A Ey, 


we 


follow a write command to alert the 
operator that a message is waiting for him. 
to read. It could also alert the Operator 
that ‘some device at the 1050 is not ready. 
The alarm feature can also be used by any 
Other program to alert the Operator for any 
reason. 


et 


A 


CONTROL NO-OP: This command performs no 
usable function with the 1050 but is recog- 
nized as a legitimate command by its bit 
Structure. : 


% 


° Branch to 1050 routindkon uct address 31. 


e Test for: 
Busy 
Valid command 
1050 Operational F 
Reader-2 Select and Ready 


Set TA Register 0 and 1 Positions 
Return to I cycles. 


- 
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Refer to Figure 5-49. Let us take a 
read-start I/O operation through the flow 
chart to get familiar with its use. 


The multiplexor channel start I/O will 
perform all the steps listed in the first 
jarge box on the chart. A check is made 
during these step& to find out if the UCW 
(subchannel) is a@tive or not. If it is, 
the 1050 routine will not be entered, and 
condition code 2 will be set.in the PSw. 
If the UCW is not active, the program will 
turn On command start and branch on SO =-0 
for a start I/O. The 1050 routine is now 
entered at 1 on the flow chart. 


The following sequence will be used for 


“no errors and 1050 units ready (assume no 


command chaining): 
* Unit status Not Busy 


* Command high Order Zeros 


* Command Valid 
¥ 


Read or Write Command 


~* 1050 Is operational 
Read operation 
Reader-2 operation 


* Reader-2 select dnd ready 


\ 


Set TA 0 and TAl. Wa 


Turn on busy in unit status 
Not from CC 
Return to I-cycles. 


The branch steps indicated by an aster- 
isk would all result in setting gome status 
and then re-entering the multiplexor chan- 
nel routine at 2 had there been an error. 
This would result in setting condition code 
1.in the program status word and then | 
return to I-~-cycles. 
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MPX Channel Start 1’O 


Execute 
Monitor Mode 
CAW Format 


Test: 


ccw tec \ 
CCW Count Flags 

CMD Zero 

Data Address 


Build UCW Address 


Active: Set Condition 
code 2 Yes 
Return to | 
Cycles 
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CMD Start On af A 
T Address of UCw ms a 

OPS and Flags Yes” CMD f 
Conditinn code 0 Valid 
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Micro Share-Request - TA-2. 


SHARE-REQUEST MICROPROGRAM. 


¢. A microprogram routine used to control data transfer and 


status updating. f 


e The share-request microprogram will be entered by any one of 


the following: 


1. Micro share-request 


2. Intervention required 
3. Read share-request | cy 
u. Write share-request 


= ee Ready share-request 


& 


6. ‘Attention 


After the routines of a microprogram ini- 
tiating a start I/O operation, the sh&re 
routine will control all data transfers and 
check and build status bytes as conditions 
change during the operation. : 


The six ways to interrupt the micropro- 
gram and activate the share routines fol- 
low. Each is used for a different purpose. 


This interrupt 
is caused by the previous micro program 


routine setting TA-2 on. This will 
force a micro share-requyest cycle. 
This operation is used:ffallowing a 


sense operation start I/O to get the 
‘Sense byte on the A-channel and to keep 
the share-cycles going when a device 
end is stacked. = = | | 


Intervention Required. This interrupt , 


causes a share-request cycle to update. 


the status bytes and return to I- 


| a 
Read Share-Request. This interrupt is used 
to send data from the 1051 to the 2030. 
i é 


Write Share-Request. This interrupt is 
used to enter the share routine te send 
data to the 1051. 


Ready Share~Request. This interrupt causes 
a share-cycle when the 1051 is made 
ready after an intervention required or 
a power off situation. It forces an 
end operation and clears out the status 
to enable the program to start again. 


Attention. This interrupt causes a share- 
cycle to form a CSW with the attention 
bit on. The.attention bit can be 
interrupted and if the macroprogram 
wishes, a read inquiry can be initiated 
though a start I/0. | 


cycles. : . 
: ‘ 
/ & 
HALT I/O MICROPROGRAM 
° Microprogram routine used to stop an I/O device. Li 
e Halt, active, and interrupt-stacked or halt and available 
will result in condition code 0 being set. 
e Halt and active result in condition Code 1 being set, CD and * ‘i 


CC in the UCW flag ops being turned off and zero count in 


the UCW status turned on. 


If for some reason the program wishes to 
Stop an I/O device, the halt I/O instruc- 
tion can be used. During the mi croprogram 
routine, the UCW is read out and the status 
of the I/O device is determined. The flow 
chest (Figure 5-50) shows the halt I/0 


FUGURE | FRAME 


SATEEN ECE ECC 


, routine. 


- , 


The unit can be in one of three 
conditions at the time the halt 1/0 was 
issued: 


1. Available or not active 
Section 5 5-49 


? 


C06 


* 


2. Active and interrupt-stacked 


rd 


ive 


~. 


he I/0 device being available or active 
afid interrupt-stacked results in a condi- 
tion code 0 being set and a-return to I- 
cycles. Condition code 0 can be set 
because the 1050 is either doing nothing or 
has finished and has attemptéa@to interrupt 
but the interrupt was stacked. A halt I/0 
under these conditions does nothing because 
data transfer to the unit was stopped any- 
how. a ee ee 


i) 


The 1050*s being active when the halt 
I/O was issued results in stopping or halt- 
ing the I/O operation. The UCW ops and 
flags byte CD and CC bits are reset, and 
zero count in the UCW status is turned on. 
Condition code 1 in the PSW is also set to 
alert the system that something went wrong 
with the last command. 


%, 


. Form UCW Status MEM Protect 
UCW OPS & Flags in D. 

‘ Hal Tali Acie. 

| R Active lntrp STKD or 

IHalt + Available 

CMD Start On |set Cond.Code pr 
Halt {Return to 
& Active I Cycles 
$0.1 ttheyAnenarmnininnim enema etnAeaAh eNameNe taba 


T-Add UCW OPS & Flags 
D UCW OPS & Flags 


Turn Off CDA 
‘and CC in OPS & 


Read UCW OPS 
and Flags 


Store Modified OPS and Flags. 


Turn on ZeroCNT in UCW Status, 
Reset All Other UCW Status 


Set Cond Code ] 


Form CSW Status All Zeros. 


Return to | - Cycles 


5-50 
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TEST 1/0 MICROPROGRAM 


Xe, 


device. 


e Unit status 0 results in condition code 0 being set. 


e A microprogram routine used to ‘test the status of an I/0 


f= ie 
e Unit status non zero results in condition code 1 being set. 


e Condition codes stored means: 


Available 
CSW stored | - 
Channel or subchannel busy. 


“e. 


howd 


0 
Et 
2 


A test I/O command serves two functions: 


to test the unit status of any device anda 
to be able to clear an interrupt in the 
buffer if a device is still active. 


Figure 5-51 shows a logic flow of the 
test I/O to the 1050 attachment. If the 
attachment is active and wo interrupt coan- 
ditions are present, condition code 2 is 
set which indicates the unit is busy. Any 
interrupt condition can be acted upon and 
condition code 1 set, which indicates 
a CSW has been stored. 


that. 


} | 
4 / 


/ 
he : 
1f Ahe unit is not active, the unit 
Status is checked for a ee 2 condition. If . 
it is zero, a test is made for any pending 
interrupts, and if there are none, condi- 
tion code 0 is set and the unit is availa- 
ble. Had the unit status been other than 
zero Or a pending interrupt waiting, condi- 
tion code 1 would be set indicating that 
the CSW had been stored. 
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Clear the Interrupt : 
Set Condition Code 1« 
\ 
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Set Cond. Code 0 AV . 
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1/0 INTERRUPT MICRO, PROGRAM 


s Interrupt. conditions ,are checked at the end of E-phase of 
; any instruction. i, 


e Routine is used to update the CSw, ta, state the current PSW | 4 ” 
in the old I/0 PSW location, and load new I/O PSW into cur- x 
rent PSW. a ; 

“. The I/O interrupt microprogram reads out The I/O interrupt routine is entered at 
the unit status byte, updates the CSW, and — the end of any E-phase if the interrupt : 
Stores the PSW for that operation as the ... latch is on. The 1050 turns the interrupt 
Old PSW. As soon as these operations are ~ latch on'as a result of ending the previous 
performed, a return to I-cycles is taken. | Operation or: an attention or ready opera-~ 
See Figure 5-52 for a flow chart. » , ton. y ae : 


he ty 
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. 
* 4 ' f 
‘ : zs f 
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WRITE OPERATION . | f | VA 
we * f a 7 | oi : yf 


WRITE MICROPROGRAMS | / a J 


_ 


e Conditions checked during a write-start os are: va 


~— 
oe 


\ 


1; Unit Not Busy ar | ’ * 

2. Valid Command . a, “¢ | 

3. 1050 Operational | : | 

4. Write with ACR/LF Operation . 3 \ 6 | 


Conditions checked during write. share-request cycles are: 


1. Unit Busy 
2. Intervention Required 


e 


x 


3. Pcl . . | : 
4. Write operation k : : . 
5. Zero Count . 


* Status routine is entered by,one of the following to end -the 
Ae é 


Operation: 

. & " ba 
1. Any Error Sensed ° | a 
2. Zero Count ; | L | 


Write Start I/0 


The primary objective of the write-start . \ 

I/O is to set the attachment circuits to a -" 

write mode and run condition. Once this is 

accomplished, the start I/O routine can be 
considered finished. | | | : ; 


The flowchart in Figure 5-53 shows the 
path that a normal start I/O follows to 
initiate a write operation. Once it has. 
been determined that a write operation is 
to be started, TA-0O is set, which is HM RDR 
Start. This sets the attachment to write 
mode and starts the clock. | The attachment 


Operation is covered in Write Operation To 


1051. , . | _ . 


Re 


2 
< 
& | | 
& @ @ @ ® @ es @ @ @ & © 
14 
! ‘ ° 
1 
5 
2 a ae . 


The next microprogram now handles the r 
data transfer and is called the Share- 
Request Microprogram. 
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$ ‘Figure 5-52. I/6 Interrupt 
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Figure 5-53, 
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. See fosuleg 7 ; 
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Bese + 
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uy 
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Load New 
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Write 


» 
Write Share-Request 
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e Started by attachment sending in 1050 Request In 


e Fach data cycle increases the data-address and decrease the 


Gata- count. 


e Normal end.operation Started by the data~count reaching 
4 : f 


zero. : f 


/ 


The 1050 request-in line is recogrfized by 
the multiplexor channel controls. When the 
trap 1S allowed, the 1050 share-request 
routine will be entered. Refer to Figure 
9-54 fdr the following sequence of’ events. 


Let's assume that the following data is 
sent to the. 1051: ' 
ABc* *indicates CR character. 
de , 


When entering the share-request routine, 
the following conditions are set: 


Count in -LD will be 8 
Data address in UV. 


FIRST SHARE-REQUEST CYCLE: 


ee ; 
Unit st This bit 
in the unit status indicates that the 
Operation iS a read, write, or sense. 
2. Intervention reguired (Arrow 2). This 
test 1S made early in the program to 
determine if the 1050 and the 
attachment are still operational. The 
‘test 1S made on TT-5S.° | 
3. Device end search (Arrow 3). If for 
some reason this bit is on in the unit 
Status, the read share-request routine 
will be entered. Normally, this bit 
should not come on for a write Opera 
tion. aa 
4. Zero count (Arrow 4). 


1% Unit status busy (Arrow 1). 


ad 


coun This test will ~ 
be made each time the share-request 
routine is executed durfng a write 
Operation. This cycle, the no-path 


will be taken, because it is a test on 
the data count. © 

9. The character is now wyitten out to the 
attachment with a micro order: gate 
1050 bus out. This is when the charac- 
ter 1s gated to the attachment read- 
write register. . 

6. The next two blocks will update the 
data address and decrease the count by 
1. The count will now be 7 in LD- 


SECOND THROUGH EIGHTH SHARE-REQUEST CYCLES: 
These will be the same as the first. At 


- the end of the eight cycle, however, the 


zero-count bit in the UCW status is set 
(Bit 0). a Ba 

NINTH SHARE-REQUEST CYCLE: This is the 
same until the branch at arrow 4 is 
reached. Here, the zero-count bit is founda 
on, and the yes path is taken. “We know 


‘that all of out data has been transferred, 


€ 


SO our next objective is to stop the 
attachment clock and go out of write mode. 


The ROS order: gate 1050 tags out and the 


bus containing 0000 0001 turn off Home 
reader.start latch and reset the 1050. . 


Also,’ a CR/LF operation would be ini- 
tiated if bit 3 of UCW ops and flags is on. 


vee This will stop the attachment and reset the 


write latch. The microprogram now enters 
the status routine or end operation. The 
conditions set going into the status rou- 
tine are device end (DE) and channel end 
(CH E) which are set as a result of the 


zero-count branch. 
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Figure 5*54. Write Share-Request 
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"Write Status Check and Restore (End Operation) = 
e Entered from the write routine by z@ro-count conditions. 


e Will update all status and set-interrupt conditions and 


return to CPU microprogram. 
. s 


The unit status byte has the device-end and 
channel-end bits set (bits 4 and 5) when > 
exiting from the last write share- reqggpst 
cycle. See Figure 5-535 for the flow chart 
of this COG ites 


Let's go through with the end operation 
and then discuss other ways of Seon de 
Follow a eles 


1. Not chained data © 

2. Not command chaining 

3. Device-end was set upon entering rou- 
tine. 

4. Interrupt latch is off 

5. Channel-end was set 

6. Update status ; 

7 

8 


- Branch to MPX routine 
- Test for another Share-request waiting 


At arrow 1 the CC branch*is tested. Had 
the CC-bit -in the UCW ops and flags been 
sd (bit 1), this branch would be taken. 
Tests would be made for not-error, not- 
attention, and device-end. This would put 
the microprogram in a CC-loop to start the 
next operation without waiting for the 


auto-~interrupt routine and the normal I- 
cycle start I/O. The CC-operation Simply 
reads out the next CCW and enters the start 
I-O routine from cc. 


a 


The branch at arrow 2 is testing to see 
if the status routine was entered as the. 
result of a channel-end by itself by 
testing for device-end, unit check, or 
attention. If none of these condit ions 
exist, assume the entry was from a channel- 


end operation. 


‘At arrow 3 the interrupt latch is 
tested. If it is on, the next test is for 
channel-end only. Again, the write Ope ra-~ 
tion sets device-end and channel-end so the 
TA register will be set*with TA-2 (micro 
force) on. The interrupt conditions set up 
in the UCW status bits 3 and 4 will. be 10. 
Recall that this signifies the interrupt is 
in the unit, and because device-end is 
active, keeps forcing share~requests until 
it is found that the interrupt latch is 
Off. Now the program can’ perform a normal. 
end. 


Set Unit Stotus 
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Figure 5-55. Write Status Check and Restore ae | if 
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: ¢ , ; 
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1% CPO GOnMeCt WLP er  FECHR 1) tai OP. Sas 
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® start I/4O routine sets Home-Reatder-Start TA-93 woasition. 
4 is 
e write condition and Reader-! clutch starts the attachment 
clock. = 
a 
° Clock rins at 08 ms per cycle.” 
s . 4 
, ; 
® Clock W-time initiates write snare-re.west cycles. 
» Snare routine sets R-a register with the charaéter to he 
written. : 
wr 
*~ 
e TE latch on aliows strobe to 19351. 
e Character is accepted ani printe iat the 1050. 
* o 
A write Operation to the 1050 is a transfer alsc yenerates the interface line 
of data from the 29030 to the 1052. ‘Recall reaier-] home twitch. The line 109¢ 
_that the 2030 uses the reader-1 ani? punchn-1 - Operational (TT-3) is -<devéloped in the 
interfaces at the 1051. In this case, the. 203) a@tachment (Figure 3-41). 
objective of the write operation will be fo, (2 Primter-l Switch. Must be set to the 
Simulate to the 1051 circuits that a read ; ome loop. and ready (paper in, the forms 
operat ton Spee on be accel on reader-i, feed, paper-control mode). This aces 
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Ee 2030 must activate lines 
intArface that wiil 
der-1,.4nd also 
10n rate to the s 
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of the 1050 
Switch set- 
ior present in the 
anterface to verform a 
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write operation. : sofn models of the 105¢ 
are considered. : 
€ ¢ 
i. PCH-1 Switch (CPU-connect SW}. his 
Switch must be in the CPU-@f-pogition. 
It activates the interface lin@ecPy 
Connected in both the Mod I and NI and 
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~» * device ready. | 

3 Se sgPr Og rar Switch (with 
> only). For this example, 


program control 
SEét to the 
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operations: Starting, data transfer , and 
ending. The start I/C microprourar eeee 
condiions to start; the share-resuest 


awwhen-the 
operat ion can 


up 


~ #nicroprogram controls thesdata transfers, 


ami fhe status microprogram controls the 


ending operation. 
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ee ee wi gure 5-56 shows the relationship of 

* . * these three microprograms, ‘the attachment 

_ circuits, and 1051 operation. Let's go 

““* through the figure once to see how the 
logic..of the write operation works. The 
circled numbefs on the figure refer to the 

. following number ed steps: | 
12 Start thé I/0 microprogram. The only 
real tie here between the’ program and 

. -. the attachment hardware is the micro © 
order: gate 1050, tags’ out. \ The rest of 
the- microprogram routine is explained 
in the write-start- 1/0 microprogram. 
For the write operagion, the TA reg- 
ister 0 position is set with the com- 
mand: gate-1050 t tags out. 
turn, turns on the write latch. 

2. The home-reader start latch activates 

' the reader-1 clutch line in the 1051 
and returns this signal’ to the attach- 

: ment. / ‘ | 

3.: The reader-1 clutch | 

€ latch starts the 

‘write mode. At 
request is ini 
share-request 
pulse, activate 
captures polling. 

4. Share- request microprogram again tests 
the 1050 and attachment for status gnd 
end copditions. If status is good and 

_, not- ef condition, a micro order: gate 
“¢1050 bus /out, iBitiates the actual data 
transfer’cycle. The character is set 
in the R/W register, the TE latch is 
turned on, and write share-reqtest ‘is 

turned/off. 


line and write 
achment clock’ in 

a write share- 
“The attachment 
ntrols, and select-out 
050 op-in and 


' §. The character is first analyzed to see. 


if a shift cycle is necessary, and, if: 

so, the R/W register is not gated to 

: the 1051, but instead, the shift char- 

acter is sent. At clock Z-time, the 

-reader-1 strobe line is activated, and 

“- the shift character is translated and 
sent to the 1051 home register. The 
1050 operation of shifting the printer 

| follows. The turn-on of write share- 
request at W-time is blocked by TE 
/latch still on. 

6. The next as ica R/W register is 


This, in ® 


ise, tah 
ip 


gated to the 1051, reader~-1. strobe sets . 
the character to be printed in the 1051 
home register, and the normal 1051 
print cycle to the 1052 follows. 

7. An,.attempt is made to turn off clock 
“Start at Z-time. However, if the set 
conditions are still available, the 

clock continues to run. oe 
8. If the home-reader start latch had been 
— tarned off, this block would branch to 
a stop which means that the attachment 
clock has stopped, and all op@rations 
end until the clock is enstrucred to- 
Start again. 
9. If, during the -share-request 
microprogram, the status of the 1050 
.was found to be bad, or zero-count had 
been reached on the previous transfer, 
this status routine wowld have: been 
entered and, besides updating status 
-byte 1, the micro order: gate 1050 tags 
out would have reset home-reader start . 
‘ and stopped the attachment. . 
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For a more relative timing relationship, 
Figure 5-57 is a representative timing 
chart of the attachment. hardware and clock 
cycles. The line names followed by an 
‘asterisk are a ia eal 


One more snd evavion to the write 
-Operation: interlocking the CPU while the 
printer is performing a carrier return, i 
line feed, or tabulate operation. “Rhes e 
three fuinct ions can take longer than one. 
_ckdck cycle in the attachment, so the read- 
er 1 elutch. line will be controlled by 
interlocks from Ene PE: 


For example, using Figure 5- 56, assume 
the last character sent to the 1051 was a. 
carrier return. The block at reference 7 
resets the clock-start latch and goes to 
reference 8. The reader start latch is 
still-on, but at reference 2, the reader 
clutch line will be down until the function 
is complete; therefore, the attachment 
clock stops until this line becomes active 
again and turns on the clock start Saar 


¢ 


a we ; - 


nuts 


. i 
‘ i. 
7 ¢ . 
. = * 
< “ sa: 
2 ae < 
~ me = * x 
A a : a : 
r a 
2. ; : & 
' : ve 
sh . te 


¢ 


Hae 


Made Active by End 


SIGNAL NAME ROG IG he, AT et ne ee ee : fy #” Conditions and Share 
1 Gate 1050 Tags Oure PF 097 shes ja [Tl Reauent ter Progrom, 


aN 


NO 


3 Write Latch PF 151 


bkér 1 Chich == 082 


* . ve 


X1¥}|ziwix}y] ziw[ x Ly XLVI ZIwixly{Z {wi x] ¥{ Zz 7 PARSER a iS 


6 Clock Pulses PF 021 


7 Write Share Req Latch PF 171 


8 Gate 1050 Bus Out® PF 091 


¥ 9 TE Latch PR AT7) 8 15-Z ‘ ai ees, Sie eee 1 ee Re 
10 Allow Strobe Latch — PFI7! oy x 
) 11 Wie Srabe Pr 1S) eee esneremrererciaerttenctatronmane weno: Pca MD eet es 


(Rdr | Strobe) - 


12 Read/Write Req PEIN) +121 Decimal + (0100101 my V7] 5(71 600010) ¢(1000001 1) CR (00010101) d(10000100) {/ e(100001 0) 


Amriobon (1100000! ) 7 


. “Wh * : * - : BSP ote . 
13 UC Character PF 19) ua . | : [RE ee ee EO LEE 


r woos a 


5) 


: ‘ : 2: x the Shift Latch is Being : r 
ae Shift Latch PF 171 13 Set and Reset ~ The he e|| AS ieee eae eee 
: I Will Follow the Set Pulses. 


1052 Printer Cycles oe iPr Shift to UC cae Ce ae shift to LC | Printc _|_ Carrier Return ' _ | Printd [| Printe | 


» . Delay Caused by Carrier Return Dropping ROR-1 aan e 1050 


14 Printer in UC Latch PF 207 139% Z ee ee 
uring s ime . : 


by 


» 


Arite Timing Chart :; ; - ; 


“ee 


crear RAp 


Figure 5-58. 


Set TA-1 Rdr-2,.« 
On and TA-3 


Read RDR-2 Start I/O 


» Unit Check. - 


in-Unit Stetus.: 


Terie 


Reod Out UCW 
Status" 5 


LO 


CPU Store 
MPX Hold On 


“MPS Op Leh On 


init Status in G 


Inter vot 
. Stacked Cr 
i 
EL Device Fnd? 


inp amet 


(rata Actfroes. 


Cecrement 


Coyne 


New LCW Status in J “y 
T UC Status Addr. 
$6,57,52, GS 0 


Stare Ops & Flags 


Farce Artie On 


Store Count In 


LD 


+) 


Sree O 


Ary 


Aun 


To CPt 


Restore, 


n° 


Figure 5-59. Read RDR-2 Share-Request : 


6 


S@ction 5 5 


i 
an 
ut 


Ais 
Ph 


Store the 
Character 


To Share 
Routine 


SAA pel 
te 


Figure 5-60. Read RDR-2 Status Check 


Set TA5&7 
(CR-LF & Reset) 
Reset Rest of TA-Reg 


To Status o 
Check and Restore 


Figure 5-61. End Conditigns Read RDR-2 


7 New Unit Status in | 
Old Unit Status in R 
(es OPS & Flags in G 


Seana eres eared | Updated UCW St 
Status Routine ay We OS sai a 
And Status Restore } | ' i cocomeee 
‘ sf = | 
. “Chained >. 
: . 's Data ald 


oe 


No 


4 ‘ 
“8 al 
& : _ 
» ; hy ‘ F : He 
& : Mecice . fr 
. Ligand ‘ we 
a , ¢ Yeu Haat @s tinit o. 
% Cheek iy: 
: Attention, 
, 


“ 


loterrupt 


“Latch On ay 


= 


ieee ; : ‘ 
4 fa ae ng ay 
: i wie ‘ ai 
vere : 
: ~ Ifootb : 
= 
“ Ms , : ° 
a 
- t hy 
Aeon arene 
Cis 4 
. peas eh oll 
~ ih, SEN Meee : : ser UCW Status 
a Set Unit Status % Ture Ope , Bit 3 Untip 


F ‘ ta D. E.S. and “ MAL. 


ae ee Ln Buffer) 
Busy PA ee Set 56 0 
: 1 ey 
. ape is a a tine © é pee ~ = 
t fe & 
; \ / 
. , ee. 44 
; p : | € VAT ee Ge, ? : oa 
¢ ; i ret LIC MW State 
, |! Bit 4 (Stetus ‘ ae a ~ 
ae ‘ . | : | Set " Oo 
ws 2 faye : l Pleat ao ene 
aor : : w : i eek 


Unit Status 


Miele es AS 


Set Up ¥ 


Uqw Status 

Up Date UCW 
| 
J 


— 


Restore . ; 


-———-—- 


Share 


Reg 
“| Wanting Pa 
r , See, “a 
* Branch to ; / Branch to 
Shore Routine \ ( CPU Micro Pro. 
cence : \ (Bock-Up Romar) 


. 


s 


Figure 5-62. Read RDR-2 Status Check and Restore 


» 


™ 


. 
£ - . : 
1 
3 


: 


¢ 


« 


co 
PREFIX OPERATION TO 1051 


e Prefix character blocks sending UC shift or LC shift charac- } 


ters as the component-select character. 


With the home-component~recognition feature 


installed in the 1051, the prefix ch@wacter 


could be used in the data stream to acti- 
vate component~selection circuits in the 
1051. An example of this would be: , <-. 
= 
ABC*2*5DEF 
* = Prefix character 


This message started in fever case. 
When the first prefix charad@ter is sent, 
the pranter is still in upper case. The 
prefix character is sent, and then the 
component select numeral (2). The 2 is a 
lower-case character and would normally try 


oe, 


READ READER-2_ OPERATION oY 
READ READER~2 MICROPROGRAMS 
° sequence of microprogram are: 


a Start I/O (Read reader-?) 


~ 


to force a shift character. first, before 
sending the 2. Recall that when the 1050 
recognizes a prefix operation by receiving 
the prefix character, the next character is 
the component-select. 


Pd 


Had the forced-shift character been sent 
before sending the 2, the component-select 
Circuits would not function properly. . 
Therefore, anytime the peefix character is 
sent to the 1050, the next character will 


-always be sent, regardle3s—of UC or Lc, and 


any automatic-~generation shift characters 
will be blocked. 


2. Read share-requests \ 
3. Status check and restore 
e Conditions checked for during read start I/O are: ‘ 
1. Unit not busy 
2. Valid Contmand 
3. 1050 operational 
4.. Read operation (RDR-2) 
2. RDR-2 select and ready 
e Conditions checked for during read shar2-request cycles are: Pa 
1. ak a busy 
2.  Intesvention required 
3. Device-end search 
4. PCr 
5. Read operation 
6. End ; 
7.. Zero count 
8. Cancel 
9. Data check “ie 
10. Skip : 
° Status check and restore cycle will be entered by: 


1. Intervention required 
2. EOB or EQT character (Enda) 
3. Zero-Count conditions * 


Section 5 
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The start I/O microprogram makes the 
Stamlard checks of unit busy, valid com- 
mand, 1050 operational, read reader-2 and 
reader 2 select and ready. The start I/0 
sets the reader-2 On latch and home-reader 
Start latch in the TA-register (TA-1 and 
TA-0) This activates the run controis in 
the attachment and signals to the 1051 to 
Start the reader., The attachment clock is 
set up to run irff®ead mode, or 34 ms per w, 
X, yY, and z-cycl@€. See Figure 5-58 for the 
flow chart of this operation. : 


Read Share-Request 


Each time a Speeeeese is read at the read- 
er, a read share-request cycle is needed to 
transfer the data from the 1051 to the 2030 


k 


DESCRIPTION 
° Initiated by start I/O microprogram. - 
e Reader 2 at 1050 sends the gata to the 


¢ Operation normally ended by the reader 
characters. 


° 1050 switch settings to perform a read 
ax? 

1. CPU connect On 
2. Reader-2 switch to Home. 


‘ 


feature is installed. 


3.  Program-dup switch is set to dup if the program~control a 
Q f 


4 


With the proper switch Settings at the 
1051, the microprogram can start the opera- 
tion with a start I/O. During this micro- 
program, the command is sent to the attach- 
ment with the order: gate 1050 tags out. 


4. Attend-unattend switch to attend (Mod 1 only).° 
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Storage unit. Each data transfer, the 
microprogram is checking for status and 
conditions as shown in Figures 5-59 and 
9-60. The decode of EOB or EOT characters 
initiates the end operation and forces a 
branch to the status check and-restore 
microprogram. : 


a A tee At aha ry eh ey aye ey gate 


This microprogram is entered any time the 
Operation is to be terminated. This entry. 
can be from many of the decision.-blocks on 
the flow charts. Many variations are pos- 
Sible. The best way to follow any combina- 
tiog is to use the flow charts, keeping 
track of status and other conditions as 
decision blocks are reached. The represen- 
tative flow chart is shown in Figures 5-61 
and 5-62. 
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To initiate the read reader-2 command, the 
TA register pésitions 0 andl are set. The 
sequence of events that follow is shown in 
Figure 5-63. 
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The share microprogram checks gtatus and 


Mechanicel Contact 
obe | 050 


1. TA register reader-2 on and home 
reader-start latches are turned on. .end conditions, and with no end conditions 
This activates the interface lines to causes the character to be stored. When 
start reader-2 at the 1050. ‘the exit from this program is performed, 

2. Reader strobe starts the 1051 home the read share-request latch is reset, 
timer, which develops the interface - allowing the reader-2 hold line to drop and 
line punch-1 clutch, and gates the keep t reader running. The reader senses- 
punch-1 bus to the 2030. ¢ the n character, starts the 1051 home 

3. The attachment clock will start. At timer, | equence is repeated. Even- 
W-time the R/W register is set with the tually, t data-count reaches zero, and 
PT&T/8 character and be tested to see the next tyc’e should be the EOB or EOT 
if the character should be stored. If character from’ the reader. This causes a 
not, a further check is made to see if normal end. 
it is a UC or LC shift character. -If ; | 
it is, the translate UC latch is Set or Figure 5-64 sHows a timing chart of the 

; reset accordingly. reader-1 operation giving relative timin 

“4. At Y clock time, the read clock- 2 See . 
interlock tYatch is‘ turned on to stop End Operation (Zero-Count and EOB or EOT) 
the clock. Also, if the character 
decode is such that a store cycle is With zero-count bit in the. UCW status byte 
needed, the read share-request latch is and a character decode causing END (TT-2) 
‘turned on, and reader-2 hold made condition, the status check and restore | 

| active. 7 microprogram is entered to -end the opera- 

5. At not-Y clock time, the 1050 request- tion. The TA~-register is reset, and the 
in line is made active. When the attachment drops run mode., The micropro- 
channel controls can allow the trap, gram uses ROBAR and returns to the program 
Sel-0 is sent out. The attachment that was running when the share- request 
share-request controls capture the trap’ was taken. 
poll, send operational-in, and T- 
request in. The 1050 share Bnd Operation (Zero-Count Only) 
microprogram routine @S now entered. : | 

When reading from the reader, each block of 
a data i§ separated by re EOB or EOT charac- 
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ters. Paper-tape transmission, be of 
any number of characters, dictated only by 
when the operator punches in the EOB or EOT 
characters. : 


Suppose the record we are transmitting 
us fifty chawacters long and the 51st char- 
Geter is EOB. The data-count set up by the 
€cwW is 45 characters. Therefore, th¢ 
count condition will be sensed after 
storing the 45th character, because/ 
count is reduced by one each time charac 
ter is stored. It would not work too well 
if we stopped the reader now, because 5 
characters are.left ukhtil the EOB is read.- 
This would make the next record very short 
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Sequence of microprograms is: 


| Share-request (attention) 
| art I/O (Read Inquiry) 
- Readfshare-requests (data transfers) 


4. Status restore (end operation) 


Conditions checked for during read inquiry 


1.. Unit not busy 
2. Valid command 
3. 1050 operational 


4. Read Inquiry operation 


4 
Conditions checked for during read-inquiry 
cycles are: _ 


1. Unit busy 

2. Intervention required 

3. Device end search 

4... PCI 

5. Read operation 

6. End : 
7. Zero Count 

8. ‘Cancel 

9. Data Check 
1¢. Skip 


e Status restore routine is entered by 


e 


Intervention required 


y ie 

2. EOB‘or EOT character (End) 
; 3. Cancel character 

YW. Zero-count conditions 


Attention Share-Request 


The primary objective of the attention 

share-request cycle is to alert the 2030 
programs that a request has. been initiated 
from the keyboard. The CSW will be Gpdate 
with the attention bit set on. Also, dur- 
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and the reader stopped. 


(5 characters); then End would be sensed 
fhis is incorrect 
operation. i 


Some means must be provided to keep the | 
reader running until EOB or EOT is read. 
When zero-count and not-End is sensed, 
channel~ena and device~end search are set 
in the unit status. Channel-end indicates 
the.CPU should not store any more charac 
ters, -and device-end search keeps the read- 
er running looking for EOB or EOT. When 
the EOB or EOT character is read, End along 
with zerg-count, ends the operation in the 
normal nner. 


hort 


Start I/O are 
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me 


share-request 
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ing the status restore, the I/O interrupt 
condition will be set on, which will nor- 
mally cause a check of the CSW and initiate 
the start I/O that is associated with the 
read inquiry. Figures 5-65 and 5-66 show 
the share-request. and status-restore flow 


Pa 
ey ne 
* 


£ Section 5 5-73 


itn, 


fn 


” 


charts and the path this operation will 
take. 


Read Inquiry Start I70 


The Start h/O microprogram makes the stand- 
ard eHeehedoe unit busy, valid command, 
1050 operational, and the actual command 
checking--in this case, a read inquiry. 
Again, the start I-O sets a latch in the 
TA~register. The latch ‘or latches set 
activate the attachment circuits. 


During read inquiry, the primary object- 
ive at this time is to.signal the operator 
at the 1050 that the request has been 
honored. This is done by setting TA~3 
(Proceed) and TA-1 (RDR-2 on). This lights 
the proceed 1i@Mt in the 1050 and sets the 
attachment to read-inquiry mode. This ends 
the start I/O as far as the attachment 
Circuits are concerned. See Figure 5-67 
for the flow path of the read-inquiry start 
I-O. ; 
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Read InquiryeShare Requests 


Each time a character is sent from the 
1050, a read-inguiry share-request is need- 
ed to transfer the data to the 2030. For 
each character transferred, the program is 
checking the status and conditions as shown 
in Figures 5-68 and 5-69. The decode of 
EOB, EOT, or cancel characters can initiate 
the status-restore or end operation. Of 
course, if the 1050 should lose its opt 
tional status, the operation ends alo. 


Read Inquiry Status Check and Restore 
\ 


This microprogram is entered any time time 
the operation is to be terminated. This 


can be from many of the decision blocks on 


the flow charts. The possible variation of 
conditions are many. The best way to fol- 
low any combinations is to keep track of 
the conditions and\use the flow charts for 
decisions. The reyresentative flow chart ~ 
is shown in Figureg 5-62 and 5-70. 
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Figure 5-65. Attention Share-Request 
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Description 


e¢ Initiated by pressing the request key at the 1050. | : 


oe 


e” Acknowledge when the proceed light turns on at the 1050. 


7% Data entered by normal keyboard Operation at the 1050. ane e 


oe Suerd ion: normally ended by Sending EOB, ‘Eo, 
EenGrosren from 1050. 


Initiating eNe Operation | 


or cancel 


s 


e pee0. switch settings $o perform a read inquiry are: 


, 


Lis CPU Connect-on , 
2. Keyboard switch to Home. a 


3. Program-dup switch to dup if program-control EoaeyEe 1s 


® 


installed. 
4. Power on. 
6 | A ¢end/unattend Switch to attend 


te Z “4 
y 


With the proper switch settings at the ‘ 
1051, the operator can press the request 
Key. This starts a series of events as 
shown in Figure 5-71. The sequence is: 


1. Set attention latch. 
2. Send 1050 share request to channel. 
3. Request granted-reset attention 
4. Start I/O with. test status and send 
1050 tags out: TA-3 and TA-6. 
5. Proceed line to 1050 is active. Sa 
6. Proceed light on indicates to the 
Operator that the request has been 
grafit ed. 


Data Transfer iriqute 5~71) 


When the proceed light indicates the | 
request has been granted, the operator can 
Start sending’deta via the keyboard on the 
1052. Each time a key is pressed, a char- 
acter 1s gent to the-attachment via the 
interface. This data sees ee uses the 
punch-1 interface and the operation looks 
like a keyboard to punch Operation at the Tea 
1050. The punch-1 clutch line to the 
attachment signais that, a character is 
available on the interface and starts the 
clock. The sequence of the Operation once 
the clock starts is: * 


1. At W-clock time, set the read-write 


/ microprogram. 
1050 attachment and operational-in is 


(Mod 1 only). 


the translate upper case latch at x- 
clock time. This latch is used in the 
read translator for proper EBCDI 
translation. 

At Y-clock time, the read-clock-~ 
interlock latch is turned on. This 
Stops the clock after ome cycle. Also 
at Y-time, if the character: is to be J 
Stored, the read share-request latch is 
turned on. 

Read share-~request drops the proceed 
line to the 1051, and when y-time* 
falls, it sends in the line 1050 
request-in. 

When the 1050 request 1S granted, the 
MPX share~-request trap is taken in the 
Sel-O is sent to the 


sent back from the attachment. During 
the share routine, status and end con- 
ditions (EOB, EOT, or Cancel) are test- 
ed. The next test 1s for zero-count, 
if zero-count has been reached, the 


Character is not stored. , 
Read share-request is reset in the 


attachment by microprogramming (FB = 
KXX,O) and proceed is .allowed to be 
active to the 1051 again. If punch-1 
clutch has ended, the clock is able to 
run as read-clock-interlock is reset. 
The next character can now be sent. 


register. 

2. Test to see if the eWamaceer is one 
,thatwill be stored or ignored. 

3. If the character is not to be stored, a 
check for LC or UC shift character is 
made. A shift character sets or resets 


? 
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Figure 5-72 shows a timing chart of 
read-inguiry data cycles. The rest of the 
data cycles are a repetition of the 
sequence just explained. pages on and 
See how the operator can end the read- 
inquiry operation. 
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Figure 5-72. Read Inquiry Timing Chart 


End Conditions 


The operator can press the alternate coding 
key and the 5 (EOB), (EOT) or 0 (Cancel) 

keys, and the character sent to the 

attachment causes an end operation. 


1. EOB or EOT. These characters cause a 
normal end and activate the TT-2 line 
(End). The microprogram now branches 
to the end routine or status check and 

,restore. See Figure 5-63 for the 
beginning of the routine. The proper, 
Operation would result in EOB or EOT 
being sent with zero-count in the UCW 2 

Sfatus byte. The status restore flow 

' @hart, Figure 5-62, sets the end condi- 
tions in status bytes and returns to 
“the ‘back-up ROAR for return to the 
previous” MICEORROax eM 


” 


Sos 
es 
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READY SHARE- REQUEST OPERAT ION 


e Any” time the 1050 is made operat ional, a share-request is 


initiated. 


as 


e _Channel-end and device-end conditions are set during the 


share routine. 


@ The CPU is alerted to the fact the 1050 is now operational. 


a 


The 1050 operational line is testing for two a 


¢ 
1. The CPU Connect Switch is on and the (1051 power is on. ° 


2. RDR-1 home line is active. 
with: ehees conditions, the 1050 is 
considered to be:-operational and the TT-3 
line will so indicate this. If, for some 
reason, the 1050 were to become not opera~ 
tional for a period of time, it would be 
very nice if we could somehow alert. te CPU 
that the 1050 were operational again. This 
is the purpose for the ready share-request 
operation. 


Figure 5-73 is a flow chart of the ready 
share cycle. . As lgng as the 1050 is opera- 
tional, the sequence is never entered and 
no action occurs. However, if the TT-3. 
line were to,indicate not operational, the 
latch called not, operational is turned on. 
Next, a test: is made. Was the attachment 


in read or write mode?. 


routine would be satisfied before the ready: 


2. CANCEL. ae character causes an end 
operation with the TT-0 position 
active. The result of this end opera- 
tigh is to cause device- end, channel- 
end, and unit-exception to be set in 
the unit-status byte and an I7o™ 
interrupt condition established. a 


Splif Entry - * a ° 


It is possible to split the entry on a read 
inquiry between the key. ard and reader- 2 
at the 1050.’ Once the entry from keyboard 
is fitished, the operator can switch the 
reader-2 to home loop. Press the reader- 
Start key, and the rest of the inquiry 
simulates a normal read reader-2 operation 
until reader Stop. code o sensed or the 
reader- Stop key is: pressed. At this time 
the control returns to the keyboard. 
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Finally, the 1050 is made operational 
again, and this turns on the ready share 
latch. If the Intervention required indi- 
cator were on, it would be reset, and dur- 
ing the share-request routine, end condi- 
tions TT-2 will be’activated. This causes 
this share routine to appear as a normal- 
end operation. Status is set to cause 
channel~-end, device-end, and I/0 interrupt 
conditions. This, in turn, allows checking 
and updating of .he CSW. -; 
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SENSE OPERATION 


e Start I/O forces a micro share-request. 


Share- request cycle reads out the sense-register conditions 
and stores in.the area designated by data address. 


Attachment circuits are not activated. 


Operation is terminated with channel-eni, device-end and 


interrupt conditions. 


A sense. operation is generally used : 
following a command that could not be exe- | 
cuted or following some unustial conditions: 
that occurred. Most’ I/O devices will 
assemble sense information on the bus-in 
lines like data cycles. The 1050 attach-~ 
ment does not have the facility to’ assemble 
. data bytes as sense information. The cycle 
is used to interrogate the sense byte 
stored in the CPU local storage pogition 04 
(hexadecimal). The sense byte «is read out 
of local storage and stored in the location 
of main storage specified,by the data 
address of the CCW. This ‘byte of informa- 
tion is now available in main storage; so. 
further macroprograin interrogation can be 


Per ROMne2: ra 


7 
The sense byte bit positions and their 
uses are: : 


Bit 0 Comma nd Reject: An invalid oiaha 
was directed to the 1050 console. during 
the previous start I/O command or | 
attempt .to command chain. .f | 
1 - Intervention Required: The last. 
operation co could not be executed or 
completed because of a condition 


\ 


requiring some type of intervention at - 


the 1050. These conditions are:., 
1050 power Off. 
CPU Connect Switch off. 


Reader 1 Switch off. 
only) 


(1051 Mod .1 


4 
ie 


ce 


é 
CHAINED DATA ~QPERATION 


Attachment in CE mode. 


4 


= Output not Peres and Ready (write 
* command). 


Reader 2 not Select and Ready (read 
reader-2 command) 


ie, 8 | 
7. Attend/unattend switch in Unattend 
position (1051 Model 1 only). 


2 Bus out check: Device or: control 
unit has sensed invalid parity charac- 

ter. This: position does ‘not apply to 
1050 because bus-out checking is not | 
done- in the attachment or 1050 home| 
loop.§. | 
3 - Equipment Ch eck: pecection of 
equipment malfunction during last oper- 
ation. Again, this does not apply to 
the 1050, because all the equipment 
malfunctions are recognized by inter- 

> vention required. | 
‘4 - Data Check: Data error tected 
during a#fead operation ex@fusive of 
bus-out check errors. The 1050 sets . 
this position with a read operation and 
TT-7 |. (POSTE pen active which ‘is. data- 
check. 

Bit 5 - Overrun: pods not apply to the 1050 
because protection: functions with 
OVerrun protection. | 

“Bits 6- i Not used. 
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e Allows transfer of units of data een or to different areas 


of storage. 


; 
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Ops ‘and flags in new CCW are. ignored cert for transfer in 


channel. Food 
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The chained data operation with the 1050 


the same as any other I/O device. It 
allows the utilization of different areas 
of main storage for the data transfers 
using different CCW's for each area of main 
Storage to be used. The ops and flags for 
each new CCW are ignored unless transfer in 
channel is set. Figure 5-74 shows-an exam- 
ple of a chained data-write operation. 
Note that the output record was assembled 
from many different locations in main stor- 
age. 7 


2024 


An Example | 


a 
Le 


ccw #1 ccw #20 +, CCW 43 ccw 44 
7 | ~ ee eee oe 
This Is An Example Of Data ~ Chaining 


; Output Message | 
7 : | 


Figure 5-74. Data Chaining 
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e Command can be chained without waiting for 1/70 inteyrupt. -. 


a 


“The chained data routine is entered . 
during the share routines and only when 
zero-count is reached. If the chained 
data~bit is set in the current CcW, the 
chained data routine is entered, (a new CCW 
fetched with a new data address and count 
number). This is repeated until the 


chained data flag is absent in the ccw..". 
‘Now a normal end occurs along with the I/O 


~ 


interrupt conditions. 
; . | 
z é — A 


j 


* Allows command chaining of operations such as read, writé, 


and sense without an I/O Interrupt. - 


t 


Command chaining With the 1050 is the 
Same as any other I/O device. It allows 
the changing of the actual command without 
ending and going through the I/O interrupt 
routine. The loading of the new ccwW is 
treated much in the same manner as a’ share 
routine, and the sequence of specific.com- 


“a mands continues. Zi. : 


aa 


The sequence of: command chaining can be 
broken by conditions such as*unit check, 


« 
= 


eye 


“unit /exception, Or incorrect length. - . 
‘this/case, the operation will be terminated 
. by 1/0 interrupt conditions, and the next 
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CCW will not be fetched. An example of the 
use of command chaining could be: 


1. Read data from reader 2. 


Write new data to pfinter 2. 
‘These two commands can be executed from, 
one start I/O operation. ° > 
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COMMAND CHAINING WITH COMMAND IMMEDIATE ec: 7 te 
.e° Used to: initiate subsequent* commands wit hout waiting for an | oe i 
interrupt status and macro programming. . #8 ’ ) ae 
ro 7 : & 
s % i 
\ ‘ # f ; , 
MACHINE START. 1/O ; : —- . ; te 
~ os (- EFOR seyeles . , a > Share Request “ i 
| ia Trap ; | } 
Start. aa Share . . oe 
1/0" = | 
rogram 
Program ¢ ¢ 
° Control No 
Immediate a: p 
Command a ° 
- | \ . / ( fe i : 
\ Yes “No 4 . j 
he 
“ 7 a 
. y os | 
| | ae. i Ce ee Tae 7 
oe 3, Request a Ta Sas oo, . 
. 7 ; \ at he Pape -~. ae: 
oe : | | | = | i ee 
| To CPU C To I-Cycles 3 ; To CPU | . 
Restore? a | - ~ Restore | eT ae i. , 
Routine ; Mics _ - Rahn : Dae * 7 
*  - Figure 5-75. Command Chaining--Commang Immediate ce ee 
' ‘ Ay . , “ 
fe ut yn can n ; . 7 . ; ; 
yt : This ‘function, as it applies to the 1050 the microprogram must know where to return 
foe “microprograms, is-rather unique. The- to, I-cycles' or: CPU restore routine 
bege. ; Problem is With the command- immediate ‘type (ROBAR) .. | : 4 ee 
ae ” Piece Refer to Figure 5-49. ..All . ; e : 4 
» *, decisiok, blocks marked with an asterisk . Example 1: | ‘i | ee 
refer to\a command~chain operation. Figure . “a 
«5  §-75 is a flow chart of the start I/O and. Control Alarm — ao 
: sharg-requept microprograms. : as uth aoa Operation 
5 ee “4 , ae - ° 
.. Three conditions to consider when r The eonteal alarm is a comma nd- immediate 
tommand= chaining are: Operation, and to perform it, the share- 
‘i re ve request routine is not entered. Upon 
1... Control Alarm (command immediate) exiting from start I/O, the read operation 
_, Read/Write (normal command) is chained. - Therefore, the start I/O is 
| ae _ | 3 re-entered, and the read Operation set up. 
- 2. Read/write ; - This entry to start I/O is treated like a 
: i Control Alarm , share- request, ence when exiting from the 
ae O a - Y ‘start 1/0 this!time, a return to I-cycles 
| 3.. Read/Write - a is performed. ; 
Control Alarm _ 2 , 
Read/Write are Example 2: . 
2 The problem with 3 command- operation Read Operation 


‘and command-immediate operations is that {Control Alarm 


o— 


the command immediate 
follows the read yap tata When the read 
Operation start I is exited, the S@turn 
will be to I-cycles.g” Du the data 
transfers the ii ied ap a er is 
performed, with T-request being set each 
time. Finally device-end and channel-end 
are sensed, and the status restore is 


| 
In this example, 
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f f ° : | 
epteved. Because the command-immediate is + ; 


chagfied, the restore routine-calses an 
entry to 1950. start I/O-with T-request set. ° \- 
The command- immediate is executed. Now the \ 
retyugn should be to ROBAR microprogram 

instead of to I-cycles because the T- © 2 
request is active. = 4 
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POWER SUPPLY AND INTERLOCKS 


% me 
f 
ee i 


With normal CPU power off, ‘the 1050 
under control of the 1050 Aainline Sw 


Ow2r- on condition is 


With,the CPU in EPO sondytien, the 1050 can power up only if 
‘the on-line/of f-line power switch is in the off-line 


position (Figure 5-46). 


Because the 1050 can operate off-line 
without the CPU, a normal power-off condi- 
ion at the CPU does not affect the 1050. 
Power can be turned off or on, independent 
#of the CPU, by the mainline switch,at the 
"1050. The, sequencing of the 1050 is not 
under control of ee a 


If something causes the'CPU to activate 
an EPO (Emergency Power Off) condition, 
power drops at the 1050. The EPO line 
drops the EPO relay (HD1) in the 1051, and 


Xs 


now manual intervention is required to 
bring power up at the 1050. The 
on-line/off-line power switch in the 1051 
must be turned to the off-line position. 
However if the EPO condition at the CPU is 
corrected, and the EPO relay again picks, 
power drops at the 1051, and the switch 
must be returned t9 the on-line aa 

These are the only. power- supply 
sequencing. aS cha between the 1050 and 
the eee ae» 7 


| 7 


as 


* 


ak 


+ 
+ ’ 
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; > 
4 ¢ : + 
te Ss : : 
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Signal. . 

| . 4 sent ; | oe ; i 
e Channel-end and. device-end canditions are ‘set along with 
condition code 1 and return directly to I-cycles. - ; 


e Audible-alarm isf the 2030 rings for 2 seconds for each exe-_ \ 
cution of this command. 7 7 a , 


, 


This special feature gives the system.a action occurs, andthe st&rt I/O is termi- 
method of alerting the operator. that some- nated with channel~+end device-end, and 
thing is wrong somewhere in the system... condition code 1 set with a return to I- 
Its: purpose is primarily to give an afidible cycles. | : 

alarm to alert the operator. No other | 


E : oe 
8 ry : 
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The shared portable.CE Panel is used for CE mode of 
operation. 


ta ™, 4 


° 1050 commag@S and functions can be initiated by setting TA 
Register: 
ek | 


© Conditign of 1D50 ana attachment is indicated by displaying ast 
TT. . ~ 


i 
‘ | a 


° Write data and control characters’ can be set and are dis- 
played both. before and after translation. 


@ Read data and icontrol characters are displayed both bef6re . we 
¥ and after translation. 4 
° In run mode, the CE panel provides ayaa display of con- : a 
trols and data 
\ 

a \ : ‘ 7. * rata -_ 
see Figure 5-76 for \itp® overlay mask used 2. Gate Bus Out. In this position during 
with the shared CE panel for 1050 usage. write Share requests. Used with data- 

ee ‘ = entry and either data enter for single 
. | | . cycle, or run for continous operation. 
SWITCHES \ " 3. Gate Bus-In. In this position; during 
P | 4 : read share~requests. Used with either 
DATA ENTRY: Used oo rotary switch to data~enter for single cycle, or run for 
control Tags Out and Bus Out. : 


continuous’ operation. 
\ 


\ 

DATA ENTER: Used with data entry to-gate ‘ CE SELECT OUT SWITCH: With any pending 

Tags Out and act as a Single cycle bus out attachment share request will bring up 1050 | 
‘in write mode. In read- made, it simulates Op In. . : 


: Single cycle handling of a\share request 
os. for ae ae that is read. 


cs 
m 


{- CE EXIT MPX SHARE: Simulates the 
microprogram exit from a share routine and 
\ drops 1050 Op In. a 
f 


: 


LAMP TEST: Test that all indicators are 
* operational. \ . : 


‘ ' Data Enter Mode Switches 
CE RESET: OR'ed with machine reset to 


become Reset Attachment. ReSets Clock CE SWITCH: 


Start latch and sets the clock triggers so microprogram control-of the 1050 can be 
@ they are conditioned for a Start. Also 


Simulated independent of CPU. CPU can be 

resets, other latches in the attachment Operating and the attachment will propdgate 
~ Circuitry. select-out and ignore polling. With the CE 

* Switch off, the panel monitors 1050 console 
Operation under CPU control in run or 
Single-cycle mode. Also, by setting up run 
and micro share-request, the mult iplexor 
channel polls the attachment. - 


&f” 


LINE SWITCH: Has no function with basic 
| | ; { home loop 1050 consoles 
‘1. Gate Tags Out. Simulates microprogram ; . | 

control of outbound tags. Used in | 


conjunction with the Data Entry and RUN SWITCH: Simulates continuous share- 
Data Enter switches to set up a read or for’ read or write modes. This switch must 
write run condition and perform other be off when the rotary Switch is in gate-~ 


Tag functions. 5 _ tags-out position. | 
FIGURE | FRAME 


With the CE switch On, the 


et 


START AND STOP: Have no function when 
Shared CE panel is used with 1080 attach- 
ment. : 


* A 


ROTARY SWITCH: Must be off when connecting 


Or discomnecting the shared CE panel. The 
_three active positions are: 


. 2? BIB 
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\. Figure 5-76. 
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L 
Pos O0:Home reader start pulls on the 1050 


INDICATORS 


TA Outbound Tay 


Set up with rotary at the gate-tags-out, 
data-entry Switches, and the data~enter 
Switch. 


a 


Start latch. 
f 
Pos 1:Allow .xreader-2 drops the hold on,the 


, reader. — 
Poy 2:Micro Share-request simulates a 


stacked share-request at unit. 


Pos 3:Proceed unlocks typewriter, ‘keynoava< 
for a read-inquiry. 


Pos 4:Alarm (feature) if present alarm 
sounds 


PoS 5:Carriage return line feed causes 
CRLF, independent of the EOL contact. 


POS 6:Attention-reset simulates taking 
attention share-request and resetting 
of the latch. 


Pos 7:1050 reset simulates the end of a 
read or write’ operation and deselects 
any 1050 components that are selected. 
When starting an I/O operation from the 
processor, an automatic restore selects 
printer 1. : 


’ 


TT Inbound Tags 


mt 


“ eT 7 
Sample pertinent conditions from 1050 sta- 
tically. 

Pos 0: Cancel indicates the ance: key on 
Reynosa was pressed. 


Pos 1: Readers -2 select and-ready indicat,es 
the unit is ready to receive a read. 
command. “~ 


Pos 2:End can be obtained in several ways: 


1. On the keyboar@iMfiput, pressing the 
EOT or EOB key. :, 


2. On the card input, an EOB or EOT 
character punched in a column or 
the trailing edge of the card. 


3. On the paper-tape input, an EOB or 
-EOT punched in the paper tape. 


. % 
Pos 3 (1050 Operational): - 1050 voltages 
present and oe Switch on. 


Pos 4(Home Reader Start): Indicates the 


1050 start latch is on. ~* ° 


Pos 5: Intervention-required: .Operator 
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we 


intervention is required to operate the 
system. 


Pos 6(Attention): Results from the request 
key on the 1052 being pressed. 


Pos 7 (Data Check): °PTTC data from 1050 was 
received as even parity. 


Data Register 


Data register is common for both read and 
write. : | 


1. Read. Data entering the data register 
is PTTC data coming from the 1050. 
This data is translated to EBCDIC  ; 
before being gated to the CPU. o 

. (Indicatorsdirectly below the data * ' 
register display this translation.) 


2. Write. Data entering the register is 
EBCDIC data coming from CPU. This data 
ig, translated to PTTc: before being 
gated to theg050. ‘(Indicators direct- 
ly to the left of the data REGS ECE 
GhePiay this translation.) 


Punch 1 Clutch 


~ 


This indicates that a character has been Ss 


read by the 1050 and is waiting in its home 
register. The attachment clock must be 
Started at 34 ms cycle rate, the character. 
must be set in the data register, and tran- 
Slated to EBCDIC. The attachment must now 
attempt to secure polling, cause a share- 
request, and store the character in the 
data Tield of storage. If this is not 
accomplished, a hold is put on the reader 
to prevent it from taking another cycle 
until a Share-request has handled the 
character in the data register. 
Transjate uC 
= 
4 
This indicates that the PTTC to EBCDIC 
translator should be translating the char- 
acter in the data register as an upper case 
Character. No share-request is taken when 
Shifting from one case to another. 


Read 1 Clutch 


This is brought up from 1050 on write oper- 
ation to start attachment-clock at 67.5 ms 
cycle rate. Attachment-clock runs continu- 
ously during write operation, A share- ‘ 
request 1S attempfed during the cycle. If 
it is not honored, no strobe will be sent 
to the 1050, its home timer will not run, 
and no clutch will be released. 


Write Up Case 


This indicates the EBCDIC character in the 
data register is a PTTC upper case 
character. When the characters change. from 


%. 


F bs 
. fi 
1 
s 
: ‘i - = 
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one case to, another, the shift character is 
Strobed to the 1050 during one cycle, and 
the PTTC character is strobed to the 1050 
during the second cycle. No share is 
requested until the PTTC character is 
Strobed to the 1050. ’ 


Output Select and Ready. 


This indicates an output device on the 1050 
is ready to receive data from the 1050. 


Age 


Reader 1 Home : 


On a 1050 N1 and M1, CPU-connect should 
pull on reader-1 home. 


oy, Ba _ = by? 
rs ‘ 
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1050 OP IN 
This indicates the 1050 Op-in line is 
active as a result of being polled with a 
share-request waiting. 


k 


f 


1050 Reg In 


This indicates that the 1050 refuest-in 
line is active in the attachmen Circuits. 
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EW QUESTIONS 


"COMPREHENSIVE INTRODUCTION 


1. 


Te 
8. 


9. 


2 


10. 


CPU and the 1050 can be broken into 
four parts: ; | 
a. 

b. 

Cc. 

a. 


The 1050 console system will consist 
of four major units: 


The 1059 console system operates-with 
the 2030%0n the interface. | 


R 


The code transmitted to and from the 
1051 is Perforated Tape and Transmis- 


sion (PT&T).* It is translated to and ~ 


from in the 2030 attachment. 
The PT&T character composed of the 
842 bits (will/will not) be transl 
and stored in the CPU. 


The EBCDI character represented by. the 
byte 00110101 (will/will not) be tran- 
Slated and sent to the 1051. 


4 
Dr a data flow of a write operation 
to'the 1052 printer. Start from R- 
register in the CPU to the printer in 
the 1050. 


Draw a data flow of a read operation 
from the keyboard to the R-register. 


The 1050 N1 differs from the 1050 Mod 
l*in that e ‘ 


The only 1050 home loop feature that 
will not function on line to the 2030 
is ‘ , 


The ® Or cable connecting the 


~~ 


See ape rete 


11. Commands to the 1050 can be listed in 
\€ive categories: 
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REVIEW QUESTIONS-1051 ATTACHMENT CLOCK 


or 


“complete cycle is 


The attachment clock.is driven by an 
oscillator and one ock cycle results 
in the timed outputs of | , 

| Te ee ands 


¢ 


When in write mode, the clock will run 


(continuously/intermittently) and each 
complete cycle is ms long. 


List the On or Off condition of the 
following clock controls when the 
Clock is stapped: 

Oscillator start 

FR-2 : 

TR-2 

oscillator ; 

c2. 


cy 


when in read mode, the clock will run 
(continuously/vintermittent ly) and ‘each 
ms long. 


When in write mode, the. clock can be 
Stopped when the 1052 printer is 
performing a carrier yeturn by the 
line * \ . 


- 


REVIEW QUESTIONS--CONTROL IN-TT_ 


1. 


. rg 


The TT lines (controls in) are used in 
the microprogram to 


- . 
A R4éS word contains the statement, TT 
KIl->Z. (K = 2). 


al 
The TT-5 line is active. This will 
indicate to the microprogram that 


The fact that end conditions have been 
sensed guring a read operation is 
Signified by TT a 3 


er a, 4 “oo 
TTO can’ be set only if read inquiry is 
active dnd the character decode is 
bits. a 


~ 


REVIEW QUESTIONS~-CONTROLS OUT-TA 
*® 


oe 


2. 


EI7 


The TA lines (controls oyt) are used 


in the microprogram tq 


A ROS word contains the statement, 0 + 


This is checking for 


= 


* 
> 
: é 


4 


eeoeneeeec 


- 
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i: 
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5. 


ii 


| 


‘ 
KH-OTA. (Kos 32). The opmratison 
being initiated i% 


The attachment is in write mote (TA-¢ 
on). The microprogram gates TA out 
with this byte on the 2 bus-coogGTC?. 
what three a la result? 


TA-6, if on, will perform pat 
function? —— Ne ee 
Could the combination of bits, 

11010000, be a legitimate command tc 
the 103502 @ry? 


eae MRE Nan atthe ENTIRE. tthe ie eS Sa. 
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REVIEW QUESTIO UPS oan RNe: REQUEST CONTROLS 


The 1055 attachment (does/does not). 
need polling circuits during a start 
I/O. Why? 

The 1050 is installed firSt on tne 
channel poll lines. A start I/¢ is 
performed to the MPX channel. The 
SEL-~1 pulse must be handled by the 

1030 attachment circuits. True/False. 


Refer to Figure 23. The prepare to 
share: latch will not resef aiil the 
MPX channel poli lines function proe- 
perly during a start I/C? «hy? 


eae ae 


When 1050 request-in is sent to the 
channel controls, the request is 
granted immediatePy. (True/False) ™ 
Why? 


Why does the 1050 have to be installed 
first or last in the channel pol)- 
lines? 


ry 


*~ 


REVIEW QUESTIONS~-1051-2030 INTERFACE 


a3 


Zs 


The cable connecting the CPU and the 
1051 is called the ; 


The write portion of the interface 
will attach to the circuits 
in the 1051. 


The read portion of the interface will 
attach to the circuits in the 
1051. 


Refer to Figure 3-53. when and for 
how Ong wad the restore line be 
active? or | : 


What major function does the reader- 2 


io. 


hola line serve 4uring «8 reed cope re 
tion eee Figure %: 11 emda 8 8797 


NR, ar bn yaad iy SAN AAR. tae, ke abe sg 
h 


ehy i8 the pumch- ) home-ewitch lime 
N@ce@aary jin the interface? 


Me alt= teen? RON: ow cam ORM enc Set AWE ben ss begat ass eye 


2B QUEST) OPES - MIC ROP iC, BRE 


The writ e6dreme of the 10%¢6 dere o}: 
@uory mo @ Start Ivo ie oe 
The hexadecimal eddresa of the ow 
atatunm pyte for the 1050 je 
2m MPR set Chage 

@ 


The TCG onit etetus if etored in ¢ 
Kk acdreseable byte in local sid 


“ Seaiqgnated as 


incom TEN" CHAAR AUT Ra Ng ty, 


urang write mode, bit-three of the 
JCw Ope and fteg byte is set on in 
catang 


Meta, AAS eet nthe eae te Mats sn ccdiee_okyet ekg tiger ongh thee, nN Mc Se 


Lero- cQgmt conditions eet J 
of the Ucw statue and bit 
tne unit status bytes. 


A reas inquiry commend has to be in 
tiated by @ request operetion. : 
(7 rue/Falise) My? . . 
a a hie 
Tne Ci croprogram will ster 
any Operation. 7 


Sate transfers are handled by the 
sicroprograe. 


ont al aa, 


End conditions and stetus Setting | 
handled Guring the mts ; 


Sd 
ind As SN ehh 


The sss microprogrem is used to 


‘Stop a device by ma croprogras inetr 


pt ae 


‘status peth or to 


tion. 
The Test 1/70 microprogras can be 
to test the status of the shere r. 


The 170 Interrupt microprogres : 
the  . BROFE the iciateataistaasece @. 
load 2 oe 

During @ start 1/0, the unit is fc 


tO be busy. Whet status of comfiti 


. Will be set (see Figure 69)? Rees ei 


7&8. 


Soe * 


Tiere are six ways to trag and. 
share-request cycle from the 100. 
attachment: 

a. 
b. 
cs | 
Oe eee tee ica 

€. 

ee 


srtitatniaiathaenindaenaallllamnits 


Peeks OR 


dati i dene ee net a an ea 
a 


reece ae nea eRe Mg mt ep, Ri it A ARN monet 


-¢ 


15. During a start I/O, the command byte 

| was 00100010. This will result in 

. (correct Operation/error termination). 

Why ? 7 ot —_ ‘ 

A ‘halt I/0 command oe issued to the - 

* 1050. The unit is found to be active 
with interrupt stacked. 
code\is set?, 

\ 


e% 


eee eter ate 


REVIEW QUESTIONS--WRITE OPERATION - t 
1. ‘The start I/O for a write operation 
sets TA position(s) and the 


A ED Ee ei AES ae 


attachment assumes write mode: 


gach time th 


write-share request’ 
pmicroprogram is executed, the data 
P address will pen _ and the count 
will Der gras, _e 7 
“43, A write operation is ‘normally ended 
- when the _-.; reaches __. ‘ 
| ‘ ; 
“ - &, puri’ 1g write made, the attac hment 
clock will be started when ” 
and -\* are active. — i ¢ 
5. Will the attachment clock stop during. 
a write operation? Dd diane 
6.. During prwrite operation, the follow-. 


- ing sage was sen 

; f 
LOAD TAPE DRIVE 2 = W TH "TAPE. 9. 
The data count was. 29: ae ene. oberat ion 
Started. — mney printed? _ 


oo 8 


The following message is. sent to the 
1052 printer: This is a tést. The. s 


a 


total characters sent to the printer * 


are = | . 


During a write operation, the PT&T/8 
BA 21 bits gated:ita the 1052 and will 
cause a data check, ‘ (True/False) 


TNO Bee latch. ‘indicates that a- 
share- request has been granted and the 
character is in‘ the R/W w rebister. 
10.° This 
will cause + and to be. 
Set in'the unit-status byte. | 


eo 


The ae byte is 10000000. 


REVIEW QUESTIONS _READ READER~ 2 


1. The start I/O for a read Pesderss 
™. Operation sets*TA . position(s) 
“é ; one the attachment assumes nea mode 


What: condition | 


£ é 


ie 


a 


6. 


" ABCD*EFGH O 


The 


re 


ABCDEFGHIJKLM : 0 | mas 
T 
‘The data count when starting is 6. 


, b. 


8. 


The 


ae 


REVIEW “QUEST IONS--READ INQUIRY OPERATION 
«Bey 


position(s) will be set and the 
attachment is set - vo read-inquiry 


2> 


receive that ‘indicates a Bcaer anguary 
- operation has been started? . 


“The cancel character’ {BC bits) | 
will/will not. set data check, : 


® a 


A read operation is ‘normally ended by 
conditions or count. 


—_ oe 


During read mode, the attachment ‘clock 
“will be stageted when _ and 
_ @re active and will run one 


cycles 


“4 


‘ “ + . » 
The latch that stops the clock dafter 


one cycle for each character in read 
mode is the latch. 


During read operations, the 1950 home 
timer is started by” 


g oF : . 


During a read operation, oe message 
read ° was: ees 


j E 2 ah 


*=Punch on character | 
B £7 


meoeage aLoued in the CPU would be 


. ¥ 


During ; a read reader-2, the message in 
*the paper tape is: | 


a. What is read into core? 


What is. read zEOM the reader?” 


. we 
’ : 2 


*, 


The record 


: 5 O : | 
ABCDEF O was read fron | 
reader-2. . T “ah 
parity wag bad on. the character C (the: 
C-bit was dropped). What was read 
into storage during the operation? 


During the start I/0 microprogram for 
read inquiry, the TA - 


mode e é “ <<“ 


~ 


What indication does the ‘operator 


Does the proceed light turn, off during 
a neyboard operation? é 


What function other than lighting the\. 
proceed gun does the proceed line 
serve? . 


Q 


e ! 
& 


ai 


Ae 7 : * 


What conditions and status will be set 
with concen decode? e 


Can’a | yead-inquiry ent ry be aplie 
between keyboard and Beaters and back | 
- to keyboard? per re 


Refer to question 7... What would be 

punched in the tape for reader-2 to 

allow reading from keyboard again? 
2 ao .- + ane 


Je, 


Will theroperation end if zero-count 
is sensed during a keyboard read, or 
will the program keep“looking for end 
con die One e : ee 


l 


Pye 
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REVIEW QUEST IONS-~ READY-SAARE-REQUEST 


* 


OPERATION. as 
: th OA ready-share cycle will be taken any 
' time the 1050 - 
| ees During the ready-share cycle,’ the TT- 
line is forceg’on to set 
and lt«w 
3. The purpose of the peaag cha), 


operation is to ° 


REVIEW QUESTIONS-- SENSE OPERATION 


€ 


é@ 1. The only function of the start “1/0 
. during a sense command:is to 
7. $v e 3 
Me | | . es 
@ - 2. During a sense operation share-request 
2 cytle, the sense byte will be read 
from __ in ae 
: & 3. The sense byte will "be stored ina 
- ss location specified by the 4 of 
the DEW: rao 
as 7 
4. Bit-0. ‘of. the sense byte would be set 
ie “toa l if = | ° 
“ : i" : > v * A a 
5. Bit- 4 of, the. sense byte is data check. 
It’ will be set ae a; data error’ 
during a _.:. and not by 
2 -—-- errors. : : 


- 


\. 


REVIEW QUEST IONS--COMMAND’ CHAINING WITH 
Cal. i 


When command\ chaining a read command 
with a write mmand, the return to - -- 
programming after. execution | of the 
write pommens will be to 

a ae 5 titedes _. ‘ 


1. 


= 
o 


ie : PRES EN 2 : - : 
‘o i a z 
Soe - : : 2 
: : - 

af 4: . F * 

et aiale! fe < p 
ae : . a 
’ - 
ie ; 
- 


pee execution of the read start I/O will 


REVIEW QUESTIONS--1I/0 TESTER 


“#050. avec eaisie) 

4. The rotary Suleeh must be see when 
connecting or ore conmlecking the I70 
tester. 

5. The CE select-out Swite when 
activated, will activate*4050 op~in if 

6. With the I/O tester in CE mode, the 


| a Eien 
~ Bh : x ; fa 4 
2 . aa ‘, 


A écnbane iemeatate ie ckuted Via « a, 
start I/O ana is command chained “with 
a read command. ‘The. return after 


2: 


A read-start I/0 is executed. The =: ° 
read,command is chained with a C.I. a 
The return after execution of the Cids 
Start \I/O will a 


The I/O tester. (can/cannot) be used ‘ 


‘ for both CE, mode and on-line opera- 
tion. | 
2. Describe the function of the data-~ 
enter switch for: “\ 
P a. Read mode_ ee 
b. Write mode__ xe 


3 f'°rhe start and stop switches on the 1/0 ¢ 
. 'hester will control cycling of the ; & 


channel pdéilling is. stopped. 
True/False | , 
: a. * 
Pe 


REVIEW QUESTION ANSWERS _ 
COMPREHENSIVE INTRODUCTION 


1. a. 1050 system _ 1050 to 2030 
interface c. 1050 attachment in . 
2030 d. CPU attachment in 1051. . 

‘ - ‘ . 

2. native “ 

3.. EBCDI on = 

W. will noth) 

‘os s fe > : 

5. Will 

= ; ." | . 
6 ° : bd r ¥ ; 
e a 
es % d = . | 
8. The 1050 NI is a home-lodp only device 


and has no line-loop capabilities. .--. 


5 ve 
; a 


ne _ Section 5° 5-99 ~ 


9. Home error correction 


i” 


10. Interface, av read b. write ec. 
| control dad. EPO 
11. a. read b. read inquiry c. 
write da. sense e. control. 
¥ Ps 


1051 ATTACHMENT CLOCK 


1. W, X, Y, 2. 


2. Continuously, 68 


a.off b. on d. 


off c.. 
off f. | : 


off -e. 
on : 


.e 


34 


Reader/clutch_ 


own 


CONTROLS IN-TT 


1. Test the status of-the 1050 or 1051 
ache cimient: through: programmias 
.2. Attention | os 
3. Intervent ion is required at the 1050 
4. 2 € 
5. BC 


CONTROLS OUT-TA, 


1. Set xun conditions or initiate Opera: 
tions to the 1050 system. 
2. Read reader-2. | 
3. a. Reset of write mode in the attach- 
ment. 
b. Carrier return and line feed of all 
printers selected. . a 


in 


c. Reset of the 1050 home Loop. 4 
4. Reset the attention latch. 


No. 
attempted at the same time. 


‘SHARE-REQUEST CONTROLS = 


1. Does foe: The unit address is fixed 
at 1F (31) and the aicroprogras . 
branches on this fact. 

2. False. - With the 1050 installed first, 


« the Sel-0 pulse generated -by the : 
start-select-out latch (will go Girect- 
ly to the chahnel and, if Sel-I 


a 12.8, current 1/0 PSW, new TAO PSW. 
returns, it-goes to the Start-select- an a 


13. aes ésde 1” | 


ae ae out and resets it. 


= 


a x 
* , 
© ss r) 


ae 5-1007 


a read and read inquiry is being’ | 


f . 


i 


3. 


1051-2030 INTERFACE 
oo 


2. 
ce 


4, 


8. 


Activates the punch- home~switch. Lines irk 
the -1051 to activate the punch-1 home- 


diff rent function. a ee 
udinaneniaeee: = | : oO 
.e 1F (Hexadecimal) or 31. a a 
he ne . # Re 
* 3. KO | | 
4. Auto’ ni? Line (ACR) at the end of the 
write operation. : 
| Ss 0. and 4 - re ; a 
6. False. tie vexunan® key merely alerts 


11. 


No. The Sel-1 idee turns on the 1050: 
Op-in latch, preventing the Sel-I from 
eeeurn ing to the channel circuits. 


False. If any MPX channel unit. has 
op~in status, the 1050 must wait for 


the request. 


It is physically located in the cpy 
.and has to be polled first 4 ase due 
to cable limitations. ‘ 


ws 


Interface. re 


‘Reader 1. Ps Ott 


Punch 1. ° | . 


For 


[ 
Any time run “mode ig made active.- 
25 ms. ee 


Prevents the 1050 from vanalias faster 
chan the Cpu. can handle data_ 
(overrun). 


® 
e 


loop jcircuits. The CPU connect switch 
used ito. be punch-1 and now serves. a 5, 


the CPU that attention status is set. 
.The read inquiry is’ still macroprogram 
controlled and can be issuéd any rine 


é 


a 


ee ees 


Start I/O. 
Share-request. 
Status, check, restore. 


Halt 1/0. 


Clear an THE CESUpe whan in supervisor 
state. | | 


ote: 


o pe cae. ae a ” ae : 
. ade fhe pres ae Be a Site sees 
& ae Frey a. 3 
¢ » 7 s nt : ~ Wo rreomtigee sete coo 
a, | . ‘ a : " in - 
Bi “e ~ 7 io a 
F . ra os ty : = 
-. - . ad € : ae 2 
y ‘ Me ee 2 * : a . to aa 
= es & : ee or) : : sw 7 i.e ey ee eee ‘ ix a : : 


$ 
Pd 
Se, 4 
/ 


/ 
f+ 
[3 


a. Micro share-request ; | Sensed and stored in dhe unit status 
b. - Read share-request -_ : as unit check and the sense prke was 
c. Write share-request , set with equipment check. 
d. Ready share- request ; oo : 
e. Attention | ee | 
£; nbervention required. ; é 

INQUIRY OPERATION 


High order not 411 zeros. Will set | ; - oe 
_ command reject,’ unit check condition 1,. 3 F om | “. : 


“code 1.: é af 
Proceed light turns gn if the Keyboaiy | 


Condition code zero. — ee is switch is set at pone position. 


° | oe g ; j 
Oy 


; ae | Yes, any time the roadsides request He 
“WRITE OPERATION: ‘ oe or punch ¢elutch line is active and. the | 
4 oh ~ | - keyboard ‘select “Switch is set ‘at the 
i: Zero - 4 ic | home Position. / ‘ 
2. Incremented; decremented.’ ' ‘Unlocks the Reviaaed: when active if 
‘ ; _ ' the keyboard select Switch is set at 


Count, zero. ae the home position. 


Reader/clutch, write latch. — i - will not Decode blocks data check. 
Yes, any time reader/clutch line _ 9. Device’ End, channel End onG Unit 
'i drops. This can be from a carrier- i 

return, tabulate, or line-feed 


_ fanetion. or 7 / Yes. - | 


| LOAD TAPE DRIVE 2 WITH TAPE. The EOB 8« Reader stop character. 


will not print nor end the Operation _ 
during write. | oe It will end the operation. 


Se 


x 


**eTehis is a test. *=Lower case ; -Reader-start latch’ interface line to 


shift character. * the CPU. (TT-4) 
€¢=Upper case" paste character. (ee 


8. False. Data is not error | checked READY SHARE-REQUEST ‘OPERATION r 

= omar write. mode. . _ | | >a 
1. Is mad@ operational after such epaunie) 

- is power off, intervention required; | 


etc. . a 


%, i : | 
i. ‘Ess CH.E. "Gateseaune is indicated |. . | 
which will set Pee eae and channel- | 2,°:DE; Ch.E- | 


a | : aa Set conditions to alert eae CPU the 
1050 is now ready; then set I/O inter- 


READER 2 OPERATION | ) rupt. 
ee Fe 3. : ; 


zero; ote: vis : . ve : . ; 
. SENSE OPERATION 


Endy ,ZEKO. i, A. 
* : pin Se ate. a micro shar e-request opera-. 
Punch cleceh Read @r read inguiry. | “tion. | | 


Read interlock. : 7 = _ ial local storage. 6: e 
Mechanical action at/the ie by the. A command had been reject ed prewsous- 
reader runnitig. | . — ly. . |: as 
ABCDEFGH eo M3... pata address. . an 
a. ABCDEF- - a ee eS Read operation, but out (write). 
ore Be, 4 - Seen FF i eg oe 7 
b. ABCDEFGHIJKIM OC 3 | | \ 
i ee ra . - COMMAND CHANING WISH C. Te 
— 


AW 


ABCDEF. The data-check condition waztiddtia“al Because the write, ‘command was shared 


R, 
“ : 


gees 5 5-10] — 


4 


2 % 


With a shareseéqued: cycle, the return 
would be to FWX (ROBAR) . 


I-cycles. The attaghment was never 
activated in the.c. Start I/O, and 
the start I/O routine is never left. 


FWX~ (ROBAR) . The command: immediate 
was entered fram share-request; there- 
fore the return is to md croprogram- 
ming, not I-cycles. 


i} 


I/O TESTER 


1. 


Can 


a. single-cycle handling of a share- 
request 
b. Sandten cycle bus: out. 


a 


False. They Serve no function with 
the 1050.. : 


iY 


Off. 


* 


‘The attachment has a share- ~request 
‘pending. 


False. 


y 


SECTION 6. DIRECT CONTROL FEATURE 


INTRODUCTION. . : : — , 4 ae | 

e The direct control feature allows one byte of information to : 
be transmitted to or read from a direct. control interface. - ° 

° The direct control feature attaches a CPU to a CPU or a CPU | 
to an I/0° device. ‘ 

' The write direct instruction (84) immediately’ places the 
data in BEOLag= on rue bus out lines. : ; 

e The read direet . instruction (85) causes the comput er ta wait ; ‘ 
until the data on the bus-in lines is valid before it is _ ; | : 
entered into storage. “< : * 

e Both instructions use the SI foyfiat. | 

£ f ~ 

The Direct-Contgol feature in SyStem/360 -. | The’ timing signals and the Write-Out 

provides atpegns* of communicating between Signal are normally used to alert equipment 

two CPUSs; or | tween a CPU and external — to which data is to be sent. When communi- 
devices (8 max.) It is iritended primarily ‘ cating with another CPU, the timing pulses © 
for transmission of control information. A* are used to cause an external- signal inter- 

CPU communicates by using the ruption at the receiving CPU and the Write- 

external-interruption mechanism and the Out pulse is used to insure the validity of 

“instruction Write Direct or Read Direct. the control information. , 

. Information and control signals are : 
exchanged over the direct-control interface ge io ae 
lines (Figure | oe 1 and 6- 20 oe | | 3 = a 
The sereote 84 is.a direct control write READ DIRECT o e 4 ° 

command, and the op-code 85 isa direct , _— a 

control read command. Both op~-codes use The Read Direct instruction causes the 

the SI format, and are priveleged instruc- information appearing on the eight Dir-In. 

tions. a _lines to be placed as a ey Peat in _ 

fe ae oe storagé, provided the Hold¢In signal is © 

7 o* 3 absent. Information on the Dir-In lines 

may not bé valid while the Hold-In signal 
a . at oe is active. No parity is, \vailable with the 

WRITE DIRECT , > as control information, but /a parity bit is 
; . i | : | gem rated as the data is. ‘placed in storage. 


The Write Direct instruction is used to | : » a 
place information on the Dir-Out (Dire ; Soe | / : | 
Control Bus-Out) lines, and Read Direct is i: ol eos ssc ti 
used to take information from the Dir-In 
(Direct Control Bus-In) lines. The Write 
Direct instruction causes a byte of infor-~ 
mation (8 bits) to be placed as static 
Signals on the Dir-~-Out lines. These sig- 
nals may be changed by repeating Write : 
_ Direct instructions or they may be allowed : fe ects etn yueneg, a ExterealeStqnal Bash 2 
. to remain an indefinite period. No parity 3 . 
-" ids presented with these 8 bits of control 
information. The instruction Write Direct 
also causes the eight bits, contained in 
bit positions 8-15 of the instruction, to 
be sent out as eight timing pulses on the. 
Timing Signal Bus-Out lines (sig-Out). At ' 
the same time, a ninth and similar pulse is i ExternalSignal Bus=tn'0 
sent out on the Write-Out line. The leai- | 


ing edge of these timing pulses coincides, _ _External-Signal_Bus-In 7 
_ . - with the leading edge of the panting oF aa e 
pulse, and the Write-Out pulse overla the Figure 6-1. ‘Direct Control” Interface, CPU" 


Pree of is signal on the i ed eines: ae | to CPU 
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Section 6 6-1 — 
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‘Prior to accepting the control informa- 
tion, the instruction Read Direct causes, 
. the eight bits in positions 8-15 of the 


pulses: on the Timing-Signal Bus-Out lines’ 
(Sig-Out). Atgthe same time, a ninth and 
similar pulse sent out on the Read-Out 
line. The leading edges of the timing 
pulses and the. sitar aaa pulse must coin- 
cide. | 
rs \ | 
The function of the Hold-In signal is to 
prevent (or hold ap) the Read operation 
while information on the Dir-In lines is 
changing and therefore invalid. When com 


municating between CPU's, the Write-Out 
pulse of the sending CPU is received as the 
Hold-In signal at the receiving CPU and 
thereby prevents the reading.of invalid 
information by the receiving CPU. 
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- External. 
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External 


4 8 rd 


CPU to External Device 


(Figure | 6- ~2. 
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instruction, to be sent out as eight timing 


‘means by 


ment. 


Devices connected to the CPU respond to i © ne 
the CPU's Read Out signal by dropping the : Sie Be 
Hold-In line. Since Hold-In overlaps the _. @ 
period when information is changing on the \ a 

ir-In lines, time,is allowed to complete. a ‘ i 
ta sending operation should the external 
evice have one in progress. ' 


The feb interruption provides a 

which. the CPU responds to signals 
from another CPU or. from external equip- 
These signal pulses appear on six 
External-Signal Bus-In lines~-Sig-In-2 ~ 
through Sig-In-7. When they occur they ‘ate 
stored until honored by the CPU. The 
source of the signal is identified by the | ae 
interruption code in bit positions 26-31 of 
the old PSW (Program Status Word). 
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The Direct Control Bus-out is a set of . 
eight lines from a CPU to the external 
equipment. The external equipment, could be 
another CPU, in which case Direct Control 
Bus-Out is connected to Direct Control 

Suse th of the other CPU. 


Data on the Direct Control Bus-Out are 
placed only during the execution of the 
instruction Write Direct. .The data on the 
lines represent the byte at the location 
‘designated by the operand address of the 
last Write Di t instruction. The data 
placed on thé Direct Control Bus-Out remain - 
‘valid until intentionally changed, as for 

‘example, at the execution of the’ next Write 
Direct. The Write-Out pulss ‘overlap’ chah- 
ges on the Direct Control Bus-Out by 100 
nsec, i.e., data are considered valid for 
at least 100 nsec before the fall of the 
Write-Out pulse below its up-level and 
“until at least 100 nsec after the rise of 
the Write-Out pulse to its up-revel. 


AO 


2 cd 


WRITE OUT 


Write Out is a line from the CPU to exter- 
nal equipment., The external equipment 
could be another. CPU, in which case the. 
Write-Out line is connect ed to ene Hold~In 
line of the other CPU. ‘ | . 


oi 


The function of the. Write-Out adhe is to 
signal the external dquipment when the CPU 
is placing data on the Dir-oOut lines, and 
“to indicate the data is therefore presently 
invalid. The down-level of Write-Out indi- 
cates the data on ‘the Dir-out. lines: in. 


valid. 


‘ READ OUT 


- Read Out is a line that connects the CPU to 
the external equipment. . The external 
_-equipment could be another CPU, in which 
‘case the Read-Out line is terminated, but 
serves no function. | 


The purpose of the Read-Out -line is to- 
provide a means of signaling the external 
Equipment that a Read Direct is being -exe- 
cuted and that the external equipment gust 
provide valid data on the Direct Control 
Bus-In, as <indicated. by the down level of 
the Hold- In signal. we. 


| The leading edge of ‘tie geeatoue gual 
must coincide with the leading edge of the 
pe ra on the ani Bus- Out. , 


DIRECT CONTROL BUS-IN 


HO D- IN | —s? he 


| | = ‘ aa \ 
a os DEFINITIONS oF MTERFACE LINES 


TIMING- SIGNAL, BUS-OUT 


% Timing-Signal Bus-Out is a set Of eight 
lines from the CPU to the external equip- 


ment. The external: equipment could be 
another CPU, in which case the Timing- 
Signal Bus-Out is connected to the 
External-Signal Bus-In of. the other CPU. 
‘The Sig-Out- 0 and Sig~Out- 1 lines are 
‘terminated, -and. serve no PUEEOe: 


During a Read Direct or a Write Direct 
the eight bits contained in the instruc- 
tion, positions 8-15, are sent ‘out as eight 
timing pulses on. these bus lines. .The 


¢ , 
Timing. Pulses have a duration of 500nsec° to 


1000nsec. The leading edge of the timing 
pulses -coincides with the leading edge of 
the Write-Out or the Read-Out signal. 


When the Timing-Signal Bus-Out is con- 
nected: to External-Signal Bus-In of another 


- CPU, the timing pulses on position 2 to 


position 7 cause an external-signal int er~ 
ruption at the receiving CPU. 


%; 


The Direct Control Bus+In is.a set of er 


lines from the external. equipment, to the . 


CPU. The external equipment could be ; 


, another CPU; in this‘case the Direct Con-. 
-" t¥ol Bus-In connects to the Direct Sera 


Bus-Out of the other CPU. 


\ 


r 


Bus-In‘are read by the CPU only during the’ 
execution of Read Direct. The data are 
stored in the location designated by the 


operand address of Read Direct instruction. 


The reading of the Direct Control Bus-In by 
‘the CPU is perf ormed . ‘only when the Direct- 
Control Bus-In is valid and after the- Read- 
— Out pulse occurs. The.data is valid on the 
bus! ‘until Hold-In is ‘active. 


t A fa. 


@ t 
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Hold-In is a liné from. thevexternal 
equipment: to the CPU. The external equip- 
ment could be another CPU, in which cas@. 
the Hold-In line is. connected tg the Write-. 
Out Line of the other’ CPU. The purpose of 
the Hold-In Signal is to prevent the CPU 

* from reading the data fron the Direct- | 
Centrol Bus~In- untst such data is valid. ‘ 


di - 


The Hold signal is active for at least 


“100 nsec on éither’ side of any ‘signal 


‘enee on pateGt ec ter. us~In. 


The data appearing on the va eins 
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* meter the Read-Out pusle is genera‘ fed, 
,during the’ execution of the Read Direct, % 
Tt we CPU tests- for not Hold-In condition to 


fread the Direct Control Bus~In. 


Since the CPU will “hang-up” waiting. for 
>not Hold-In condition, the external equip- 
ment maintains the‘ Hold-In inactive for at 
least. 500 ‘nsec after the termination of 7 
Read-Out pulse, | ; 2 L””" 


The Hold-In signal can occur at any 
_time; it»does-not have to be Sy PepRcuze se 
with the Read-Out pulse. 


t 


READ-IN Fr | = op 


foe Read In provides no function: except as a 


“termination for the Read‘Out line. 


. — ¢. 


2 # 


“ EXTERNAL- SIGNAL BUS- IN 


Beteinal=sianal Bus-In is a set of ight 
lines from the external equipment to the 
CPU. The external equipment could be 
another CPU, in which case the External- 
Signal Bus~In connects to the Timing-Signal 
Bus~Out of the other CPU. The Sig- Out-0 
and Sig-Out-1 provide termination and serve 
no other function. 


* 


x + 


The External- Signal Suteee have a 


“minimum active duration of 500 nsec and a 


maximum active duration of. ‘1000 nsec. The 
External-Signal has a minimum inactive 


duration of at least ae nsec. 


~ bate 


APPLICATION ae 


ie 
control interface. © 


. write command. 


4a 
tad 
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‘Two situations below are-used to illustrate. 
the sequence. of operation for the direct 
control feature. For illustration purpos- . 
es, two CPU's are assumed to be attached by 
the direct control interface. It should be 
noted at this time that the second CPU 
‘could also be a contro¥ unit for any 
machine (?8M or Non-IBM) the customer 
desires to attach to the direct Cerro), 
interface. | | : 


f 


“Situation A: 

cs 
CPU #1 desires to send a byte or ee 
+ . information to CPU #2. yf 


c ~CPU #1 executes a “write direct (84) 
ingtruction. The I2 field of the 


me ingtfuction is placed on aoe na geaans 


& 


The CPU can initiate a read or write command. over the di rag 


One byte ‘of information is transferred for each read or 


‘interruption causes the 


(Pet thed £1 


‘Sig-In-7). 


~ out and placed on direct-control Bus- 


The External-Signal puise may . occur at 
any time and has no relatidén to the timing, . 
of: other signals” on the parect Control 3 
interface. 


a3 


». 

The purpose of the External-Signals bus 
is to provide a path to the 
external-interruption mechanism of the CPU. 
The external interrupt ion can occur.only 
when system mask bit 7 is a one and after - 
the current instruction iS completed. The. 

en to be © 
stored at location 24 and a new PSw to be 
m location 88. ts : 


ae 


We 


s 


A total Bf six signal lines comprise the ~* — 
External-Siggal Bus-In.. (Sig-In-2 through ~ 
AX a result.of an external 7 
interruption tHe external signals are 
placed in bit ocattons 26 to 31 of the old 
PSW. . 


a 


we 


.s 


‘An external signal request may occur at 
any -ti The requests are pending until 
honored by the CPU. All pending requests 
are presented simultaneously when an exter- 
nal interruption occurs. ‘Each request is 
presented only once. When several. requests - 
from one source are made before the inter- 
ruption is taken, only one anterruption 
occurs. ns SG 


s 


The Sig-In-0 and Sig~In-1 provide no 
function except as a termination of the: 
Sig-Out-0 and Sig-Out ~ 1 lines from anot her 
CPU. . 
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Bus~-Out 0-7.. The character in the 
storage locatjon designated by the. Bi 
and D1 field of the instruction is read 


ee Out 0-7 ESP EI? 


4 


; , ‘ ; * 
s 24 & 2 : - : ‘ ‘* : 2 
~ Gs as had » > 
i 2 = 
= . 7 i. 
- 2 : + . Pe se, 
3 : . : 
: : 2 : fe ‘ Ss “ < . 
| : . 2 7 : er if 
é . 4, 
a ; Fi : = : 
: . s 7 ; : - : 
: : ; . a 2 
: i : : ne 3 Le : A : - 1 
: ’ : oe ’ = : . * : 3 
: : : : ; . we : eine *: 


@- 


cpu #2 receives the- aur ta signals on 
External-Signal ‘Bus-In 0-7. Receiving: 
the timing signals: causes oe #2 to. 
take an interrupts CPU #2 tests the 
interruption codé, insthe old PSW and 
determines the cause’ of the, interrupt. 
CPU #2 now executes a read direct (85) 
instruction and feads into Sconege the 
character presént on-direct control 
Bus-In. The storage address is \ 
determined by the B1+D1 address in the. 
Read Direct (85) instruction. CPU #2 |. 
also transmits the I2 paee of the read 
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of these op- 


seldcted by the instruction. 


gates the L~ register: to the tinling signal | 


direct: instruction back to CPU #2 on) 
Paneng Ssgnek: Bus; Out 0-7. 2 
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“3. CPU “1° receives the signal ow. Externa1- 


-Signal Bus-In and.an interrupt occurs. , 
CPU #1 tests the interrupt and 
' detérmines that CPU #2 received the 
‘character CPU #1 tr nsmitted. CPU #1 
. is now able to exectite another write. 
direct instruction if necessary. 


Situation B : 
CPU #1 is itereastea by the direct 
control because CPU #2 desires to send 
CPU' #1 a byte of information. 


1. CPU-#1 receives a signal on-external- 
signal Bus~In 0-7. This signal causes ~ 
CPU 41 to. take an jnterrupt. . 

In ERegatron of the old PSW det ermines 
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REG handles timing=signal Bus-out. 


.- The JE register handles data. 
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Both- read direct and write direct use the 
SI format. During I-cycles, the operation 
des is the same. That is, 
the op-code 84 (Write direct) or 85 (Read ~ 
Direct) is placed in the G-register, the I2 


field is placed in the L-register, and’the 


base. and displacement addresses select the 
main storage position to be useds. 


' The micro program executes both: | 
instructions. The first step, for pither. 
operation, reads out the storage p@sition 

If the 
instruction is a write direct, the next . - 
step places the data in the D-register and | 
returns it to° storage. The following step 
gates the D-register -to the JE-register, 

out lines, and turns on the write out- S 
Signal. At this point, 27 signal lines are : 
controlled to ae interface, i.e. 
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| <i a 
8 direct control bus ‘out lines, 
representing the data byte in main 
storage. 
8 timing signal bus out lines, rep- . 
resenting the data in the I2 portion 
of the instruction, and. » id 


1 write out line. 


The data byte is a static signal that 


remains on the bus out lines until‘ another 
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2. CRU #1 éxecutes a read dif 


Ki “to zero -to ensure the validity. of the — 
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that the read data is ready. 


that a cence hs. being sent tb. CPU 
#1 on the dirett control interfacé. 
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instruction stores the ché 
sent on direct-control Bys- 


storage. The -lotation storage for 

that aes is detergined by the Bl 
and D1 ; uction., CPU 

#1 also ran its the ield of the . 


instruction out on timing 
Out td CPU #2. These timing 
notify CPU #2 that CPU #1 received ‘the 

characte¥ on Direct-Control Bus-in, |. 


Multiple devices Can be attached to the 
direct control interface, When multiple ' | 
devices. are attached to the direct control . 
“ interface, the timing-signal Bug-out bit . * 
configurations will normally be used to | - 
select the I/O device desired. | 


write instruction is executed. The others 
are pulses with 300- 1000 usec time dura- | 


es oh. f + ty i 
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The jaat step ina write direct opera~ 


-tion resets the L-register and advances the ’ 
system to the next I- cycles program. 


If the instruction is a read direct, the 
step following the read out of main storage 
turns“on the read out signal and gates the 
L~register to the timing signal bus out 

lines. At the same time, the FT 1-bit is | . ¥ 
ney ‘test. 
: ’ ar 3 £.. ¥ 
The program then goes into a test. ‘loop 
to wait for a signal from the attached | 
contro] unit or Computes that, the > ‘data on 
the direct control'bus~in lines is ready to- 
be read. The hold-in signal controls ‘this. ._ 
operation. The control unit,-on receiving \ 
a:read-out signal from the computer, places | 
data on the bus-in lines. The contro) unit 
then drops the hold-in line to indicate 3 
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Dropping the hold-in line sets the a 
1-bit to a one. When this is tested during 
the next test loop, the data on the bus-in 
lines is entered into storage and the read | 
direct instruction is completed. | 


we 


Section 6 


P ; ; wy 
: fy ~5 
3 : Lo 
c 


"Gate L-Register tp : | a ad Se te. ee } Ploce Date’ i th 
Timing Out (750nsec) 2 i or : nn ae = 4 Dokesine _ 


¢ 


|" Reset FT-1-Bit to Zero. 


Return Data to Storage 


NIRS a eae hie ee 


_— 
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Signal (750nsec) | 7 | Bus Gut (Static Signa!) 


“""1 When hold-in' drops, Gate L-Register to, 
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Figure 6-3. ‘Direct Control Data § 
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- Figures 7~1" thréugh 7-15 are, provided to. 
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1/O Instruction 


Stort(/O = 9C-- 10011100 
Test 1/0 * 9D 1001110) 
— HaltI/O «GE 10017110 | | 
_ Test Chantel 9F 10011111 ; Ge? 
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2-Interface Control Check « 
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—- }=Program-Check — . ae | 
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: - Unit Status 

= a ‘ , _ O-Attention 
Ns 1-Status Modifier — 

: nee 2-Control Unit End 
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| Po * 7 4-Channel End 

DN a ee ve " . 7 5-Device End 

‘ a oe — 6-Unit Check 

: 7 7- “Unit Exception 


OF ee a, : UNIT CONTROL WORD | ; Y | 


*2-Suppress Length Indication (SLI) 
3 ie 


' 7-Decrement/Increment Data Address 


° Handling Data; Expecting Data. . 
Device Instructed to“Stop;. Exeecting Status. 
Status Stacked at Control Unit. 
Status Is in Interrupt Buffer (1B). 


Interruption 
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I-Incorrect Length Sg ee 
2-Program Check 
3-Protection Cheek | 3 Ce ae 
4-Channel Data Check ‘ i ‘ 
5-Channel Control Check i 
6-Interface Control Check 
7-Chaining Check 
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1}-Command Chaining (CC) - wf 


4- Shrogram Controlled Interrupt (PCI) | 
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1 Address 


Prog rom 
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vate | a [ Name of _Name of Latch 


Bus-out Control _ 
Address Out - 
“ Command Out 
Service Out 
' Command Start 


} + (0000000 (00) Double Word 
8 . 00001000 (08)} Double Word 
16 00010000 (10)} Double Word 
24 00011000 (18}} Double Word 
32, . 00100000 (20)| Double Word 
40 00161000 (28)| Double Word 
. 48 00110000 (30)1 Double Werd 
56 00111000 (38)} Double Word |Input/output old PSW 
64 * 01000000 (40)| Double Word |Channel status word. 
72 01001000 (48)| Word - Channel address word 
76 01011100 (5C)i Word 
01010000 (50)} Word 
01010100 (54)| Word F 
‘01011000 (58)} Double Word 
01100000 (60)| Double Word 
01101000 (68)} Double Word 
01110000 (70)| Double Word 
01111000 (78)} Double nord 
40000000 (80) 
129-131 10000001 =100000) 1 (81-83) 
133-135 10000101 -10000111(85-87) 
- 137-139 10001001 -10001 011 (89-88) 


Initial program Loading PSW 
Initial program Loading CCWH | 
Initial program Loading CCW2] 
Externa] old SW 

Supervisor call old PSW 
Program. old PSW 

Machine check old PSW 


Note: (May appear as a combination of Bits fo 
" cause multiple functions) 


* Figure 7-10. FA Register (MPX Channel) 
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External new PSW 
Supervisor call new PSW 
Program new PSW 

Machine Check 
Input/Output new PSW_ 

CPU Machine Check Register 
Multiplexor Log-Out Area 
Selector 1 Log-Out Area 
Selector 2 Log-Out Area 
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Figure 7-8. Permanent Storage Assignments eh , 
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Value of Name of latch 
CK field Set by CK parity bit on 
Reset by CK parity hit off 


Operational-out Control — 
MPX Operation Latch a 
Suppress Control Latch * fee a . : 
MPX Channel Interrupt Latch : 
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Value of Name of latch 
CK field 4 


PSW System Mask-Latches 
These four latche$ are set ~ 
from the contents of the 
R-register when the CS field . ; ac tee 
specifies FB and the CK- ~field | 7 é 1. sk 
value is 3. The CK-field : | ’ . _ 
parity bit does not affect a | j : | 

set or reset of the latches. : 
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XXH, XH and XL Latches . ; ; ‘ | 
. These tatches are set by the . | a 
-contents of the S-register a 
when the CS field specifies 
FB and the CK-field value is - ; : oe . ° re er 
9, The CK~-field parity bit : i Some 
: ¢  % does not affect,a set or _ “ . Ry 
reset of the latcMes, = 2 oe 


4a 


ql a : “a a. = ‘ a a ae ; 
: 2 eas * * 7 ee 5 
: : ji ‘5 7 * : ; 
2 y 4 Ww 
é ~ 
. ’ . “ee a ~ ~ me 
NS 
= ‘ a - Q 
Pas ar) GC . * ‘ ’ ; 
, * . 
7 . 7 ‘3 7 s e Rt 
i *, T- * . 
« : : 


¥ 


Figure 7-9.; FB Register (MPX Channel) 
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Figure 7-12. | MPX Channel Direct Branching 


Suppress out (Diagnostic Use Only) 


Hold-in Latch (Direct Control — ne - 
Feature) , K1 (Oor 1)* * a 
MPX Operation Latch : ~ — 
MPX Shore Request - & - Operational-Out Reset . 
IPL : - - 
“Select out (Diagnostic Use Only) : : , a 
MPX Channel Interrupt Latch *K4 rn i : 
ee e - Set Channel Control Check ’ 
Figure 7-11. FT Bus (MPx channel) xs | Ser cheinat conte Cheek | 
"Set Count Ready - Not Zero ee 
OP!-Operational in ; & | | s 
Al-Address in K9 (0 or 1)* * Channel Reset ; a 
SV1 -Service in See explanation Bi Tee, : 
INT-Interrupt ; : — eae 
bas Poll 7 : y 
Status-in Service-in branch Se é 
SHoSVE gs _ - 1K} a Reset Select-Out ae. 
1 T° Opzia isdown,. .-. — ~, 
! Service in and Op in are KI Set Channel Besy 7 
active. j ae | 
0 ~ Status in and Op inare | KIA Set Halt 1/O Latch 
active. — 2 ‘ 
0. « None of the above. Usually Set Interface Control Check = ss 
Op-in is active and neither . ze eee 
service in or status in is * (0 or 1) Refers to the CK Field Pority Bit. °° “ Va 
active... : , ‘ - : a 
gi- hae s _ | ¢ va 
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Figure 7-14. GB Controls (Selector Channel) 
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Channel Control Check 


Interface Control Check 


Direct Input to A Regi ster 


None: 


GR Full 


Chain Bete 

Not Used 

Interrupt Condition 
CD 

1=Chnl 1, 0=Chnl 2 


Not Used 


Chain Request 


None 
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Incorrect Length 


Program Check 
| ‘ 
Protection Check 


_ Channel Data Check, 


Not Used 
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— Select In 
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- Service-in Not Service-Out 


‘Poll Control or Halt 1/O Stop 


<Channel Busy 
-Address In 
Status In 
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$X1 or SX2 Interru 


_Dp-in 


Input to GJ Assembler 


pt Latch 


Diagnostic Controls Bus 


None 
Count Ready, Not 
SLI Flag 


Output 
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‘Read Backward 


Skip Flag 


Figure 7-15. Selector Channel 
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